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INTRODUCTION

-

—

-Thistdocument is a summary of incidents cccurring in the
manufacture and loading of s0lid prepellant with the safety
data developed fros such incidents, as well as from tests
and studies conducted to determine hasards.

References and sources are cited for more detailed information
on the subjects covered and the verification of conclusions
ma‘“o -

The publication of this document is not msant to imply that
this installation recommends, endarses, or concurs in the
findings, conclusions, or aalyses obtained, but rather to
zccumlate the informat jon reported as a historical reference
source for any safety aspects deweloped by cantributors.
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INCIDENTS

SPONTANEOUS IGHITION, EXCESSIVE HEAT, ETC.

10:10 (1) ¢ Was

16.:10

10:10

10:10

10:10

10:10

(2)

(3)

(%)

(5)

(6)

3 Thiokol, Huntsvills Division, 1960.

A fire occurred in a contaminated waste barrel located outside the laboratory.
The fire spread to four other druss comtaining caitamimted masts. The fire
evidently ocourred from sportanscus combustion. No injwies. Probable Cavses
Lithium aluminum hydride.

Annual Safety Report, 1960, Thiokol, Huntsville Division.

Fire in Waste Catainer: Longhorn, 1959.

A fire originated ane Sunday afternoon in a waste cantainer locuted outside
the Longharn Chemistry Laboratory. The fire ignited some other cortainers
of contamimted waste. The camse is believed to have been spontanecus
combustion.

Propellant Cur n Pire les)t Thiokol, Wasatch Division, Sept. 1960.
Propellant samples iap;mxinuly 80 pounds) ignited in a curing oven. Prob-
ably caused by mlfunction of heat controlling system.

Cut tang Propel lant Sasples \d% Hacksaw, Sample Ignited: Reaction Motors,
Denville, N. J., 19 Jmuary 1960.

A an)! smple of compressed molded mropellant (208 PIB, 58.9% HAZ, and 21.1%
TANG materials) ignited when menually cutting ¢ 14* diamster x 3" long sample
with 2 hacksaw. Ths laboratory technician received bums on his face and
hands. Far probable causes, see revort.

Longharn Safety Section Pile 3k1-1/30k.k.6.

Imition of Waste Container on Building Pad: Thiokol, Wasatch Division.
Forklift operator placed a mllst of containers filled with propsllant on

an elevated explosive waste pad. When pulling the forks from the pallet, he
must have scooted the mllet across the florr of the pad and ignited some
propellant on the bottom of the pallet. He didn't notice the initial burning
but after leaving he looked back and saw the containers burning.

Ignition of Sml) Amount of Propellant on Floo wa.gmm.._'z.&m&?as_
Pinching: Thiokol, Longhorn Division, 3 March 196i.

Building 45-E: When rolling a cart out of an oven bay, the casters rolled
over a swmll amount of uncured solid propellani (polysulfide/AP) and ignited
it., Bullding 54-F, 3-24~6.: Bmployes walking in corridor in front of a cut-
bick bay ignited (popping noise) small particles of cured solid propellant
(~1ymiride/Al’) by frictional heat between his shoe and concrete floor.
Fuildine 45-F, #-9-64: Engineer stacking contamimated casting fixture parts
bmited . sm) Y amount of uncured solid propellant (Perahine) by pinching
hetueon the metal parts. In all three cases the fire did nol spread duc to
the smll quantity of waste propellant permitted on the floor and equipment.
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MIXER FIRES AND EXPLOSIONS

10:11 Por causes, theory, etc., see 21115

10:11 (1)

10:11 (2)

10:11 (3)

10:1  (4)

10:11 (5)

Fire: MNaval Propellant Plant, 1 September 1954.

1lon, J. H. Day mixer. QGarlock #234 plain yam packing rings, five
in eaczh gland. Propsllant binder system; nitrocellulose colloids with an
sther-diphenylamine mixture. While processing reworked cannon powder, fire
was detected by employee who was in the process of discharging the mixer.
The J. H. Dey mixers installed in 1942 have blades kqyed to the drive shaft
from the inside of the mixer. The key had fallen owt of the lsywvay, and it
is believed the cause of the fire was friction created by slippage of
the drive shaft within the hub of the blads.
Reference 11, page 78.

Mixer Fire: Hercules Powder Company, 31 Janwry 195.

Readco Tmgential Sigms Blade mixer. Double-base propellant. Mixer ¥o. 6
in Building 3508 fired while mrocessing N-10 single-base propellant. The
mixer was charged with remix and solvent (acetone-alcohol and ether) and
had gone through the required soaking tims. Seweral minutes after mixer was
started, the fire occurred. No spparent cause could be found for this inci-
dent.

Reference 11, page 31.

Mixer Explogjon: Astrodyns, Inc., McGregor, Texas, 25 November 1955.
20-gallon Baker Perkins mixer. 100 pounds ammonium psrchlarate propsllant .
Six injuries. $223,500 damages. Possible camses: 1) propsllant msterial
striking ram or becoming pinched between rem or side of mixer bowl; 2) sta-
tionary friction ring in blade shaft packing glamnis may have becoss over-
ik ted, igniting propellant which had aocoumlated within the gland—ons sta-
tionary friction r had a siattered face and tiwre was evidence of mxch
heat in tiis area; 3) mstal-to-metal cantact of parts inside the mixer bowl;
L) imparities. Corrective Actions Discontinue wse of rem on sensitive
popellants, set up clsening scheduls for packing glands, replace mstal-to-
mstal seal in packing glanis, ete.

Reference 12, page 1.

Kixer Fire: Nawl Propellant Plant, 18 July 1956.

200-gallon J. H. Day mixer. Garlock #234 plain yarn packing rings, fiw in
each gland. Propallant at times contaminates the entire gland. Propellant
binder system; nitrocellulose llaids with an ether-diphenylaxine mixture.
Alminum panel mixer 1id is secured to bowd dwing mixing. Mixer had been
charted with alcohol-wet reground powder and dry mixed for five minmtes.
Opsrator who opsned valve to admit e ther-diphenylamxine solvent hesrd an
unsual noise inside mixer and fire was detected. Imwestigation Held: Mo
definite cause, but most probable cause was due to pxaier caught between huwd
of mixer blade and overhested by friction.

Reference 11, page 78.

Mm: Aero jet-Gemeral, 26 July 1957.
Baker Perkins mixer. An explosion ocawrred while dry cosbustion modifiers
(carbon black and copper chramite) were being introduced into a propellant

mix containing no aluminam and 50K of the axidiser required for formmlatiom.
Reference 12, page 31.




10:11 (6) Mixer Explosion: Aerojet-General, 10 August 1957.
Baker Perkins mixer. An explosion of high order occurred while ammonium
perchlarate was being added (80% having been added) to a mix containing
aluminur. Mixer and mix station were demolished. Eleven other buildings
on the line were damaged. See 21311 (2).
Reference 3, page 31.

10:11 (7) Incident Occurring During Charging of Dry Mixture of Ammonium Perchlorate
and Carbon Bleck into Mixer.
Memo from H. L. Padgett, 14 August 1957, Thiokol, Longharn Diviaion.

10:11 (8) Mixer Fire: Thiokol, Elkton Division, 13 December 1957.
Five casualties. The fire occurred immediately upon restarting the mixer
after the addition of the perchlorate and the iron oxide catalyst. The
pressure rise was not enough to blow out the aluminum blowout panel in the
wall opposite the mixer, and the fleme front progressed throughout the
entire buiiding.
Reference 3, page 11. Also see leference 12, page 35.

10:11 (9) Hixer Bay, Casting Can Fire: Thiokol, Wasatch Division, February 1958.
Fire occurred in casting can during latter part of deaeration process.
The cause is believed to be due to high localized temperature generated
on the side of the casting can cither by friction between the can wall
and a vibrator strap ar by high-frequency flexing of the strap.
Reference 3, page 12.

10:11 (10) Mixer Detonation: Aerojet General, Fall of 1958,
2,000 1b. capacity Patterson mixer. Polyurethane propellant binder system.
Stainless steel lids are fast-opuning, air-operated, automatic on internal
pressure rise. Eight packing rings each gland; Teflon, graphite, and
standard lantemn rings lubricated with Dow Corning #44 or Dioctyl Azelate.
Repacked on average of 1,000 hours; no contamination of packing gland.
Detonation of a 2,000 1b. batch was attributed to metal object reaching
the blade area and becoming lodged between paddle and tub. Two prior
jncidents were attributed to posaible gassing or exwthermic action inter-
nally, and initiated by static build-up in ungrounded portions of system.
All ducting, screens, etc., °"re now bonded together. Hinged-type mixer
lids with fast-acting, air-operated cylinders are more desirable. Mixing
performed wxder vacuum and nitrogen purge.
Reference 11, page 83.

10:12 (11) Mixer Fire: Naval Propellant Plant, 22 December 1958.
100-gallon Baker Perkins mixer. Nitroglycerine-nitrocellulose colloid,
propellant binder system. Nomal batch, 250 pounds. PFire occurred in
No. 5 mixer bay, Building 704, while processing ABL2014 (hybrid) casting
powder serap. Mixer had been charged 10 minutes prior to ignition with
318 1bs. (wet weight) scrap. No solvent had been added. Thirty to 60
seconds before the fire, an operator heard a noise as though the motor
was laboring very hard. Mix ignited before the power could be cut. It
is believed ignition was probably due to friction between the powder and
the mixer wall. FPart of the recuired amount of acetone needed is now
added at thc start of the mixing.
Refercnce 11, page 48,
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10:11

10:11

10:11

10:11

10:11

(12)

(13)

(1)

(15)

(16)

an

(18)

Mixer Fire: Hercules Powder Company, 28 April 1959.

Readco Tangential Sigma Blade mixer. Double-base propellant. Mixer was
being used to process high emergy propellant. The mixer had run through the
mix cycle and was on chill when the incident occurred. It is generally
believed that this fire was the result of material hardening in the glands
and that friction from the mixer blades started the fire. Procedure was
established whereby personnsl would wet gland openings periodically with
solvent.

Reference 11, page 31.

Mixer losion: Naval Propellant Plant, Indian Head, Maryland, March 1959.
er Perkins mixer. Explosion occurred approximately one minute after

addition of ammonium perchlarate to the NG/NC base mix. Considerables damage

but no personnel injury (operators mrotected by a 12" reinforced concrete

wall). Foar theory see 21:15 (1).

Reference 2.

Mixer Fire: Thiokol, Longharn Division, 31 July 1959.

Building 41-G, 200-gallon Baker Perkins mixer. Operator stated a muffled
explosion occurred about four minutes after the mixer was turned on. Mixing
was by reverse process. Polysulfide/ammonium perchlorate mix. Mixer not
dxnaged; one first-aid case.

Reference S&S File 340-1/304 .4k

Two Mixer losions: Hercules Powdsr Company, 5 October 1959.

Two 150-& Sigma Blade mixers located in adjacent bays were operated
simultaneocusly. Nitrocotton, nitroglycerine, and solvent were placed in
the mixer; dry aluminum and dry axidiser were placed on top. An explosion
occurred in the east mixer first, followed within seconds by an explosion
in the west mixer. The matwe of the damage suggested that a cmsiderable
amount of the ingredients must have been consumed as pyrotechniec.

Mixer Fire: Thiokol, Longhorn Division, 22 Decesber 1959. E
200-gallon Baker Perkine mixer. Polysulfide/ammonium perchlorate mix.
Mixing by reverse mocess. MNixer had been opsrating between thirty seconds
and one minute when fire ocourred. MNo injuries. Propellant was consumed
in fire. Mixer not demaged. Possible Causes Fareign material introduced
in mixer.

Reference S&S File 340-1/304.4.

Mixer Explosion: Thiokol, Longhorn Division, 8 January 1960.

Building 41-G. 200-gallon Baker Perkins mixer. Mixing polysulfide/ammonium
perchlarate propellant by reverse process. The mixer had been operating
about one rinute when the explosion ccaurred. Building destroyed. Mo
injuries.

Reference S&S File 340-1/30k k.4

Mixer Fire: Thiokol, Wasatch Division, 6 Ja 1960.

Reverse mixing (ammonium perchlarate first added). PBAA and alumimm
paste added during a 30 minute mix cycle. Baker Perkins mixer. Premix
paste consisting of ERL and aluminun was then added. Make-ups (AP ard
first premix) also sdded. After & 10-minmute mixing cycle, smmples wers
taken and the mixer scraped down. Mixer was re-started, and in about two
minutes the fire occurred. Cause of the fire undetamined. Possible
Causes: 1) foreign objects in mixer; 2) alumimm ani ammonium perchlorats
dust and a wlatile in the PBAA reacted; 3) the mixer mlfunctioned during
the final 10-minmute mix cycle.

Reference Thiokol, Wasatch Division TU-87-2-60.

-l -
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10:11

10:11

10:11

10:11

10:11

10:11

(19)

(20)

(21)

(22)

(23)

()

(25)

(26)

inuc i $ Rocketdyne, McGregor, Texas, May 1960,
The mixer consists of an electrically driven propeller, which holds about
15 pounds. Two hoppers are used to feed the mixer; one contains dry
materials and the other a "slurry" aluminum powder amd Dow Coming "200%.
The mixer had "bogged down" and they had shut off the machine. Four men
entered the bay and were dipping the slurry out of the hopper with a card-
board box. After being in the bay for at least 10 minutes, a small explo-
sion-——evidently in the pump housing--threw the slurry in the air and burned
all four men in the bay. Only one man out of the four survived.

H_M: Thiokol, Huntsville Plant, 12 July 1960.
fuel screen found in mixer following the fire. Minor injury to
an operator. Baker Perkins mixer.

Mixer Fire: Thiokol, Huntsville Plant, September 1960,
Baker Perkins mixer. Fire occurred during cleaning. Parts of detergent
screen found in mixer following the fire. MNo injuries.

Mixer Fire: Hercules Powder Company, 14 September 1960.

Readco Tangent ial Sigme Blade mixer. Double-base propellant. No. 2 mixer
in Building 3673 fired whiile processing high-energy propellant. The mixer
had completsd cycle and had veen tumed dowm for pulling. The operator
proceeded to unlatch the 11d (1id is cast iron with lead blow-out panels
and is counterbalanced and held by shsar ring arrangement on all but
composite multiple double-base mixers shich are not counterbalanced tut
held by air cylinders) and the fire ocourred. It is believed that friction
could have caused this incident. Preventive measwres were taken and the
catch was removad from the 1id; lid hinge pins were equippel with Teflon
washers; counterweight cable was moved to provide clearance betwemn mixer
and cable.

Reference 11, page 31.

Continuous Mixer Inc ¢ Thiokol, Longhorn Division, 9 Decesber 1960.
Building > N0 injuries. Ignition occurred somewhere along the screw
assembly, which resulted in sufficient pressure build-up to shear the

bolts holding the mixer section together. Par possible cause, see 21:15.

Continuous Mixer ¢ Thiokol, Wasatch Division, 6 Janwary 1961.
Continuous mixer ilo-lnuder) incident ocaurred right after the mixer had
been started up after being "bogged domn". The screw had bean backed up,

the mixer re-started, and had made two revolutions (in connection with its
forward motion) when the incident occurred.

Mixer Fire: Hercules Powder Company, 6 .pril 1961.

Readco Tangential Sigma Blade mixer. Dowle-base propeilant. Mixer No. 2 .
in Building 3692 had completed the mix cycle and had been drying for a

short period. The operator had added additiomsl solvent, closed the 1id,

and left the building when the fire occurred. No apparent reason for the

fire could be found.

Reference 11, page 31.

Mixer Explosion: Thiokol, Longhorn Division, 13 July 1961.

200-gnllon Baker Perkins mixer. Forward mixing. Near completion of mix,
some 60 seconds after all the oxidizer had been added, an explosion
occurred. Probable Cause: Initiaticn in packing gland.

Reference S5&S Department Repcrt of 50-B Incident.

5 -
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10:11 (27)

10:11 (28)

10:11  (29)

10:11  (30)

16:11  (31)

10:11  (32)
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Mixer Fire: Hercules Powder Company, 20 August 1961.

Readco Tangential Sigma Blade mixer. High-energy propellant. Mixer No. 1
in Building 3692 had been charged with remix high energy propellant and had
been on cycle about 40 minutes when a fire occurred. It is believed the
fire was the result of a press screen being charged into the mixer with

the remix material. Remix material is now passed over a metal detector

before being put in the mixer.
Reference No. 11, page 31.

Mixer Fire, Ottside Source of Ignition: Naval Propellant Plant, 10-5-6l.
150-gallon, L. ii. Day Company, Propellant Binder Sptem. Nitroglycerine -
nitrocellulose colloid. After the mix cycle, and prior to discharging mix,
an operator attempted to remowe the catch pan (used to catch propellant
which passes through the annular space during mixing) and on seeing a flame
originate inside the pan, droprped it and ran. The flame spread and ignited
the propellant in the mixer, but was soon extinguished by activation of

the sprinkler system.

Reference 11, page 71.

Mixer Fire: Thiokol, Huntsville Division, 9 February 1962.

During addition of ammonium perchlarate to a 200-gallon Baker Perkins
mixer, a fire occurred. Cause of the fire believed to be due to spilled
oxidizer near frosen o0il contaminated pump shaft coupling, which ignited
by friction of rotating motor coupling.

Report No. U-A-62-4238A.

Mixer Fire: Rocketdyne, McGregor, Texas, 22 June 1962.

Ammonium nitrate propellant fire occurred in a 100-gallon Baker Perkins
mixer. Cause not stated. Only minor damage dane due to operation of
vacuum-stat which raised the mixer 1id permitting avtomatic operstion
of the water deluge which extinguished the buming propellant.
Reforence Telegram, RT-1188, Safety File 1/304.L.6.

Vertical Mixer Fire: Thiokol, Elkton Division, 7 September 1962.

Baker Perkins vertical mixer, 150-gallon capacity. Mixing had been in
progress for 38 minutes when a fire proceeded by a "boom" occurred. It
is believed a three-piece plug {consisting of a neoprens doughnut around
an aluminum insert, into which is placed a thermocoupls) had, as a result
of mixing action, unscrewed and drifted upward and was struck by the
blades. Score marks were found on the alumimm portion of the plug, as
well as on the bottom of the mixer blades. Demage was light due tos

1) quick action of the deluge; 2) failure of the hydraulic system (possibly
after ignition) permitting bowl to be thrust to the floor amy fram the
superstructure. Future design may incorporate burst diaphregm into
hydraulic cylinders. Down time 10 days.

Reference S&5 File 340-1/304.4.6.

Mixer Fire: Hercules Powder Company, 13 Novesber 1962.

Readco Tangential Sigma Blade mixer. 7Triple-base mropellant. No. 2 mixer
at Building 3608 fired while mrocessing triple-base propellant. The opera-
tor entered the bay to check the mixer and when he started to throw it cut
of gear, tho fire started in the right front gland. No apparent cause of
the fire was found.

Reference 11, page 31.




10:11 (33)

10:11  (34)

10:11  (35)

10:11 (36)

10:21  (37)

10:11  (38)

p jons Atlantic Research Corporation, 3 Janwmry 1963.

) chemical mixer, 1,350 1bs. normal batch, propellant - PVC composite.
Mixing done uder vacum. Ground M, CLO, is not screened. Mixer was destroyed
in an explosion while being operated remo « There were no injuries to
persomnsl. Findings t5 be reported later.

es: Rocketdyne, Solid Propsllant Division, Year 1956 to 20 Jums 1943.

on Eaker Perkins mixer used for mixing of ammonium-nitrate, rubber-base
extrudable propellant. Normal batch, 450 to 525 pounds. Six rings of packing
(Garlock #1100 braided asbestcs impregnated with graphite) used in each packing
gland. Propellant contamimation extends all the way through the packing gland
arsambly to the packing followers. There have been six fires in ths seven-year
period. Each ire damage was minor. Ses 21:15 (12).
Reference No. 11, pages &, to 67.

Mixer Explosion: Atlantic Research Corp., Alexandria, Va., 2 January 1963.

A READCO horiszontal mixer was being used to mix approximately 1,300 lbs. of an
aluminized oomposite propellant containing ammonium perchlorate. All ingre-
dients had been incorporated into the mix and a 20-minute mix cycle under
vacuam had boen complsted. Pollowing this, the mixer was to be operated in
reverse direction tc clean blades. The explosion occurred at the instant the
switch was thrown to start the reverse operation., Specific cause of the igni-
tion is not known. The mixer building was canpletely demolished and several
secondary structwres were severely damaged. Glass breakage was reported at
distances up to 1} miles.

Mixer Explosiont Thiokol, Wasatch Division, 23 August 1%63.

A canfined deflagration ocourred in a 300-gallon Baker Perkins horizontal mixer
located in Building M-25 in the R & D Area. The mixer involved wvas recently
converted to the automatic batch weighing mix system. The incident occurred
after 30 minutes of the mix cycle. The oxidizer and premix additions were
completed. Minuteman propellant was involved. No injuries.

Vertical Beken Mixer Fire: Rocketdyne, McGregor, Texas, 6 September 1963.
Propellant ignition occurred in a 25-gallon vertical Beken Rixer. There were
no inturies. A btatch of canventional ammonium perchlorate castable propellant
was being mixed. The point in the mixing cycle h&d been reached for attendant
addition of MAPO curative. Teamperature of mix was approximately 176“F. Mix
can had beun lowered, sides of mix can screpcd dom, and the undiluted MAPO
dintributed over the top of the propellant mix. Operator reported that there
was no visible unincorporated ammonium perchlorate mresent at the time of MAPO
addition. Appraximately 2 to 4 minutes after MAPO addition, spontaneous igni-
tion occurred. Complete action of deluge system limited ¢ iage to scorching
of the building walls and scorching of the mixer., Probable cause of ignition
thought to be exothermic reaction between MAFO and ammonium perchlarate.

Continuous Mixer Fire: Thickol, Wasatch Division, 18 December 1963.

A fire and subsequent mressure burst occurred in the Ko-Kneader section of the
composite solid propellant continuvous mixing facility. The fire, propagated
from the KoXneader section to the associated ecuipment in the mixing roca,
then went through the analytical room to the east exterior of the building amd
into the propellant waste receivers. $§271,000 damages, no injuries. The Board
of Investigation cancluded that heat of friction created by the entrapment of
an wnidentified metallic object between the outer edge of the mixer screw
flight and the mixer barrel, precipitated the incident.

Reference Report of Board of Investigation, Composite Solid Propellant
Continuous Mixer Fire, Thiokol, \/asatch Division, 18 December 1963.
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"MOTOR_CASTING, CURING, AND FINISHING

10:12 (1) Motor Cut-back, Nike-Zeus: Grand Central, December 1960.

10:12

10:12

10:12

10:12

10:12

10:12

(2)

(3)

(%)

(5)

(6)

(7)

¥hile wsing a manual mechanical advantage-type cutter for propellant trimming,
the motor was ignited, killing one operator and injuring two others. It is
believed dust and small particles of propellant could have been ignited due to
one or more of the followdng causes: 1) mechanical friction, 2) pinching of
propellant between two hard surfaces, 3) static discharge between persorisl
and propellant, L) metal object struck a spark.

Thiokol Safety Section File (Longhorn, 341-1/30%.4.6. -

Motor Cut-back, LaCrosse: Huntsville Division, 16 April 1957.

An ignition occurred during the remote cut-back opsration. A second engine,
bolted to another stand in the sime bay, ignited Iive or six seconds after

the first. The fire was probably caused by the propellant between the end of

the cutter blade and the casting sleeve being ignited by impact or friction.

The possibility of tramp metal in the propellant was considered, but seemed -
unlikely. For corrective action, a more rigid preventive mintenance progrex

was started. Clearance betwean blade and case should be increased.

Reference 3, page 5. -

M-58 Motor, Cut-back Fire: Longhorn, 7 July 1956.

During cut-back of an M-58 motor, using a disk blade operated by remote con-
trol, a fire occurred. No injuries due to the motor being secured in a steel B
cubicle vented to the outside.

Reference Safety Section File (Longhorn) 341-1/304.4.6.

Dropped Loaded Motor: Building 54-F, Longhorn, 19 October 1957.
A loaded motor ignited and burped when dropped in an oven room. Ths motor
dropped due to a hoist failure.

Accidental Firing of a T-131 Rocket Engine: Huntsville, Alabama, May 1953.
The incident occurred when an oversised nosxzle plate was being forced, by use

of an impact wrench, into the intemal engine threads. 7The igniter was in
the engine, the operator was unshielded, and the engine was held in a vise
that was not anchored to the workbench. Three opsrators were involved.
Reference 3, page 2. Container 108 - Longhorn.

Motor Cut-back Ignition, Burning, and Detomation: Thiokol, Reaction Motors
Division, 10 Pebruary 1961.

TIX-2 (Series G) s0lid rocket propellant—about 90K cut had been made. After
ignition of the motor, it burned for a2 moment with one end closed by the saw
blade. The hold-down straps failed and the motor stood up vertically and
detonated.

Memorandum from James F. Hayes, Manager, Safety and Security Departaent,
Reaction Motors.

Casting Bay Incidept: Hunteville Division, 6 October 1953.

The rocket propellant was loaded into the roclet motor body by using a screw
tyre horizontal extrusion press. The body of the motor has three threaded
vent holes which have to be clesned after the motor is filled and removed
from the extrusion press. After cleaning, tireaded metal vent plug-stoppers
are screwed into the vent holes. While one of the opsrators was engaged in
tigntening one of the vent plugs, an explosion occurred. The flame from this
explosion ignited the propellant remaining in the feed hopper, feed screw,
and in the adapter sleeve of the extrusion press. The four men in the press
bay died. Abstract Report No. E. S. 635, 6 October 1953, Departmsnt of the
Army, Office of the Chief of Ordmnce. Longhorn S&S File 340-1/304L.4.6.
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Motor Cut-back, 12,000 Pounds: & September 1961.

Explosinn occurred inwolving a Wing 1 conventiomal solid propellant rocket
motcr. Dwing cut-back operations and pre-operation of the cutting device,
sparks were noted which subsecuently ignited the grain of the 12,000 pound
2¢:5.¢ model motor., )

lteZorence ASESB Explosive Incident Fepart No. 999.

Ws Thiokol, Longhorn Division, 30 March 1962.

Operaiors belicved to avw 'ward a mtallic noise or clang inside the bank

of ovens, and a short time later observed propellant flowing across the oven
bay floor, which ignited. Within a few seconds, an explosion took place which
was followed by two others at close intervals. Four XM-30's in all were
involved in the incident. Explosion of thse motars may have been the result

of internal ignition of the mropellant grain from external heat. Probable
Cause: The head-end retainer ring came loocse on a freshly cast motor that
had boen suspended in ths oven an hour previously. This permitted the head-
end casting assembly to drop onto the expanded metal cover over the fan and
heater assembly beneath the suspendod motor. Propellant then could flow out
the head-and of the motor omto the ian and heater. Propellant on the depressed
expandod metal cover may have been ignited by the fan blade striking the metal
cover cr head-end assexbly.

Refer-nce Incident Repart, Bullding: 54-F, 30 March 19642.

Cwing Oven Incident: Hercules Powder Co., Bacchus, Utsh, 23 August 1962,
ee or thousand pounds of high-energy propellant in a cure house
violently exploded while t..-ee¢ men were in the cure house to get some =mall

test motors. It is believed the incident was caused by dropping ane of the
test motors. All tiree men perished.

Casting Rayonet Incidents Thiokol, Wasatch Division, 23 March 1962.

Pire started when an operator placed the flanged end of a large propellant-
filled casting bayonet on the concrete floar with too mch force. Causs of
fire, either friction or sparks. No one injured; damage $6,500.

Pire in Block ¢ Astrodyne, Inc., McOregor, Texas, 21 December 1956.
Ko injuries. ?926 damages. Possible Causes: 1) compression of air in press
due to blocking of vacuum part to ram or due to entry of air into basket

because of defective O-ring, 2) foreign material in propellant.
Reference 12, page 10.

er Defla on: Astrodyne, Inc., McGregor, Texas, 1 March 1956.
Three injuries. %,200 damages. Posgible Causss: 1) heating of propellant
above its auto-ignition temperature by compression of entrapped air, 2) bas-
ket of press was overloaded and blocks were being forced into basket by use
of ram.

Reference 12, page 9.

Explogion of Extruders Astrodyne, Inc., McGregor, Texas, 13 April 1957.

No injurios. 395,000 Gamages. Possible Causes: 1) compression of
cntrapped air, causing propellant to heat above its auto-ignition temperature,
2) mechanical failure of extruder camponents, permitting metal-to-metal con-
tact, 3) frictional heat generated by rubbing ram against barrel of press,

L) impuarities in propellant, 5) friction of screw from vacuum post in ram
between ram and barrel of press. 240 pounds AP mopellant involved. Recom-
mcndations: 1) provide sutomatic vacuum and pressure recorders on extruders,
2) provide automatic stop on ram in event of vacuum loss.

Heference 12, page 1l.
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10:12 (15) Ignition of Propellant on Cas Can Lid Clamp: Thiokol, Longharn Division,
29 August 1963.
During assembly of M-30 casting can, a small amount of mopellant ignited
between the 1id clamp and assembly nut while the casting can 1id was being
secured to the casting can. The incident occurred when opsrator began tight-
ening the iid clamp assembly bolt nut. A smll flash and same smoke comparsbl¢
to a lighted match occurred between the clamp ard balt nut. The lid clamp was
removed from the can and thoroughly cleaned with solvent. It was then install.
and the casting operation completed.
Langharn Safety Section Pile 341-1/304.4.5.

10112 (16) See 10:11 (9) ~ Casting Can Pire in Mixer Bay, resulting fram heat generated b
vibrator.

10:12 (17) Ignition of Hotor During Cures Grand Central, 7 July 1956.
One fatal injury. Oven and cell destroyed. 1,250 lbs. of polysulfide perchlo-
rate propellant involved. Inspector was checking own temperjture when motor
ignited. Cure temperature was 190°F in pit-type oven with 30 pei nitrogen on
motor. Source of heat was a hot water heat exchanger operating at 210°F. Hig:
est possible exotherm existing in propellant dwring cure is belisved t» be 220
Motor caught fire after eight hours cure. Mandrel was ejected 200 feer. Pro-
pellant could not be ignited below 388°P in Wood's metal bath.
Reference 12, page 45.

10:12 (18) Propellant Fire in Electric Oven: Astrodyne, McGregor, Texas, Pebruary 1954.
One injury. $18,400 damages. 1,080 lbe. of ammonimm nitrate propellant in
Cell No. 2 at time of fire. 395 lbs. were in Oven 2 vhere fire started.
Possible Causes: 1) propellant touching baffle plate (between oven and calrod
units), cawsing ignition, 2) local overheatiig of oven.
Reference 12, page 17.

10:12 (19) Ienitiorn of Motor During Cure: Grand Central, 2 October 1956.
™™o fatalities., Four cwing owens destroyed. Polysulfide ammoniua perchlorat:
propellant. 1,250 pound motor ruptured. Cure teasperature was iS0°F under 306
psi nitroren. Pnssible Causes: 1) possible exothemic heat fram cwring and
low auto-irfnition tenperature of the propellant, 2) mendrel may have expanded
lengthvise, compressaing propellant in mandrel centering cup.
QE}ARKS: a) Exothera from a nuni-homogenecus fuel-rich partion of propellant
could be considered higher than tiex ivsera™ propellant. The adisbatic maximx
temperature of the fuel alone cured at 180°F has been measwed at 321°7, and
at 190°F t-> be 340PF (carrected for calorimster heat absorption would raise
reading absut 3(°F); b) Propallant auto-ignition temperature was 393°F at
four plus minutes (Wlood's metal bath); ¢) In a sampls 240-pound propellant
charge, the miximm temperature rise was 30°F in an oven at 190°F after about
cipht hours, and a maximer rise of 22°F was attais d in thirteen hours at
180°F (excthermic reaction); these times correspc i closely with the ignition
times in this incident and the one on 7 July 1956, d) From informstion
received on test run to determine mto-ignition temperatures on this propellan-
with various additives included, copper ciromite may have been an ingrecdiemt
in this propellant formulation. On tests shich were performed, propsllant
containing coprer chromite exploded on ignitionm.
Refaence 12, pane 4L6.
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10:12 (20) Lpition of Prepalling Dg¥ Cue: Jet Propulsisn Laboratory, 1953.

Scveral solid charses of 2-inch diameter prope!lant ignited during cure.
Ponsible Cause: Addition of LS ammonium dichromate to ammonium nitrate-GG
(Glycidyl Glycerin) propcllant lowered the auto-ignition of the composition
to 130°C; consequentiy, this low ignition tempereture, combined with a
woderate exotherm, caused igrition. Remarks: Ammonium dichromate attacks
the resin binder and cause- heat to build up. Recommsndation: Manganese

dicxide proved a satisfactory replacemsnt for sammonium dichromsate.
Reference 12, page 58.
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OLINDIZAER INCIDENTS  (blso See 12:11 and 20:10)

10:13

10:13

10:13
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10:13

10:13

(1)

(2)

(3)

()

(5)

(6)

Oxidj zer ‘winding: Thiokcl, Huntsville Division.

A canvas adapter sleeve, used to conduct oxidizer to a drum, caught fire.
The cause was apparently due to heat generated by friction between the
sleeve and a drive belt.

Reference 3, page 2.

Drum of Ammonium Perchlorate Ignited: Thiokol, Huntsville Division.

¥hen unloading a drum of ammoniuwr perchlorate, one of the drums was ignited
and was ropelled into a worlaman. Later tests established that enough heat
or friction could have been gmerated by the sliding of the mstal drum down
the metal skid to ignite the polyethylene liner in the drum.

Reference 3, page 2.

Bumped Gyratory Screen Againgt Wall: Longhorn Division, 10 June 1959.

This caused the ignition of the perchlorate impregnated sponge rubber gasket
around the edpge of the screen frame, which in tun ignited the perchlorate
impresnated canvas on the screen. No injuries.

Reference Longharn Safety File 341-1/304.4.4.

Two Drums of Ammonium Perchlarate Detopated: 15 Pebruary 1960.

Two drums of ammonium perchlcrate detonated in a mixer bay as & result of a
mixer explosion. It is belisved their detomstion was due to high wslocity
particl es rather than the detonation wave front fram the mixer explosion.
See 12:12, also 12:11 (5).

Reference Minutes cf T&SC Meating, Longharn Safety & Security File.

Hi@-&tr% Oxidizer, Laboratory Incident: Thiokol, Huntsville Division, Sep-
tember 1960.

Dwing 2n attempt to prepare high-energy oxidizer materials (laboratory
quantities - NoF, and CgHg), a chemical exothermic fume-off occurred while
vacuum distilling the reaction products.

HP Explosion in Starage Shed: Thiokol, Wasatch Division, 9 September 1963.
IndIviduaT cuantities of RIS in various process stages were stored in a

thick polyethylens bag inside a polyethylene container inside a 30-gallon

drum. The drums werc stored on a pad under an opsn storsge shed. Burning

preceded the explosion bty an estimated 15 secods. The most probable cause

w1s an exothermic reaction in one of the containers—possibly between HP,

and the cpoxy minted drum. Extensive stability tests were run and valuable
reconmxndat ions made for safer storage. )
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: Longharn Division, 23 October 1956.
using an ungrounded vacuum hose to clean up spilled parsqiinone dioxime,
a fire resulted, and it is believed that the cause of the ignition was the
result of a discharge of static electricity bullt up in thes hose.
Reference Safety Section Pile 341-1/304.4.4.

Pyrotedynic Mixer (Muller Type) Fire: Thiokol, Wasatch Division, December 1959.
A mixture of mgnesimm, aluminum alloy, potassium perchlorate, and potassium
nitrete were being blended in a mall Muller mixer. 7The binder was to be
left ot until the fuals and axidisers were campletely mixed. The above dry
ingredients had been mixed for five minutes; then the mixer shut down and an
operstor entered the mixer bay (after a five-minute waiting period so that
no static charge or delayed action would take place while the opsrator was
in the bay) to check the mix for complete mixture, and brush (bristls) the
umixed oxidiser from sround ths ocuter edge of the mixer Ladk into the mix.
The uixer was restarted and after making about two revolutions, the mix
ignited. Apparent cause was due to sparks or heat fram mstal -to-metal
comtact of steel mixer blades with the steel mixer body.

Incident Report, Pyrotechnic Deflagration, Thiokol, Wasatch Division.
Longharn Safety & Security Dept. FPile No. 340-1/304.L4.6.

Diborane Surge Tank Bplosjon: 15 March 194l.

A 2,000 cubdc foot tank containing 1,775 pounds of diborane involved.
Rupture of the one-inch steel tarnk was believed to be due to a defective
weld.

ASESB Report Mo. 32.

losion in S C technic ¢ Thiokol, Hunter-
Bristol Division, 17 May 1961.

Bromide Tank logion: Explosive limits are greater than once
believed. Zinc, aluminum, «nd magnesium are known to form pyrophoric
grignard type reaction products. Therefore the tem "non-ferrous metals"
should not be used in reference to storage contairers,

ASESB Incident Report No. L-28.

Trichloroethylene has been regarded as a non-flammable soivent, but recent
tests by the Bureau of Mines irove otherwise. See "Flammability of Tri-
chloroethylene", Buresu of Mines Investigation Report 6190.

Ammonium Dichromate Fire: Astrodyne, McGregor, Texas, Septezmber 1955.
Approximately 150 pounds involved in a fire during grinding operations.
Possible Canses: 1) static spark between blade and falling dichromste,
2) V-belt overheated, 3) over-heating of air lock valve Teflon blade.
Corrective Action: control dust; provide electrical grounds.
Reference 1, pape 26.

Milori Blue Fire in Dryer Oven: Astrodyne, McGregor, Texas, FPebruary 1956.
Approximitely 180 pounds involved. Decomposition temperature not determined
at this time. Possible Causes: 1) prolonged heating (for 113 hours at
2259F) of Hilori blue (iron blue) may have caused decamposition and ignitionm,
2) contamimtion, 3) catalytic reaction caused by moisture from bottom of
barrel passing through dry (drier) blue a* top of barrel.

Refercnce 17, page 20.




CONTAMINATED VACUUM LINES AND BQUIPMENT; STATIC ELECTRICITY, EXPLOSIVE GASES

10:15 (1) Explosion in Vent Stack - Static Ceneration: BEmployee, after oiling a fan
shaft, turned on the electric motor ssdtch. Fan failed to revolve g0 employee
(wearing street clothes underneath synthetic fiber coveralls) reached down
into vent stack (containing msthyl alcochol and bensene vapors) to give the
fan a turn. An eaxplosion occurred, burning employee on face and hands.
ASESB Explosive Incident Report No. L-=3i.

10:15 (2) Tolumr. - static Sparks: Whils toluene was being transferred by hand pump
from a drum to an ungrounded pail, static sparks jumped fram the nosile o
the pail, igniting the toluene. The nozsle was dropped and toluene syphoned
from the drum to the floor of the main work area. Buming liqu'd flowed
under the fire door (no curb provided) into a mixing room.

ASESB Explosive Incident Report No. 1.-6.

10:15 (3) Polyethylene Liner - 3tatic Fire: After scooping dry chlorothiaside inter-
mediate (DSA-chlorodisulfany aniline) from a polysthylens lined fiber drum
into an agitated still containing tetrahydrofuran, the operator removed the
polyethylene liner and shook the remaining material into the vessel. When
shaking the liner, a sudden flash occurred. Relative humidity 50 per cent.
Note: Possibility when shaking material like GMF, nylon, etc., fram a bag.
ASESB Explosive Incident Report No. L-7.

10:15 (4) Decaborane Pire, Polyethylene Bag - Static Charge: A technician had removed
a scoopful of decaborane fram a drum and emptied it into a polyetiglens
bag on a work table approxisately 13 feet from the drum. He heard wint he
describes as a "snap" or "crackling” noise as the material in the bag burst
into flame. The fire spread to the drum znd ignited it. Casuse: It 1is
believ=d that a static charge built uy on the scoop anl discharged to the
polyethylcne bag, passed through the decaborane dust in the bag and ignited
it.
ASESB Explosive Incident Report No. L-31.

10:15 (5) Igniticn of Igniters in Polyethylens Bag: Thiokol, Huntsville Division,
Karch 1962,

Twenty-five ighiters are placed in a 6" polyethylens bag. The bag is
sealed and bags are labeled with a felt pen. Two men were burned as a
result of ignition of the igniters. It is believed the operators had
proceed=d to the point where same of the bags were being marked when the
incident occurred. Exact cause of the ignition is not known.

Telephone Conversation, Safety & Security File No. 340-1/304.4.6.

10:15 (6) Exploaion of Vacuum Line Servicing Propellant Sample Saw: Thiokol, Hunts-
ville .vision, 1€ June 1962,

Juring saving of H-Series mropsllant sample, a dust vacuum line exploded.
vae operitor wis killed by fragmuits from the heavy metal line. Another
cmployee sustiined decp cuts in the hip, and 3 third employee sustairied
firat-de.orece burns during rescue wark. Lxact cawse of explosion unknown
~t time of report.

eference 3afety & Security Pile o, 340-1/304.4.6.




TORY INCIDINTS: SAGING, MIXING, HEATING

10:16 (1) Sawing Fropellant Sample:s Thiockol, Longhorn Division, 1955.
¥When sawing a propellant sample with a commercial type band saw, the
propellant ignited and burned. It is believed the cause of ignition was
due to build up of heat by excessive linsar speed of the band saw., Standards
for the sect, rake, and spsed of the saw have now been established.

10:16 (2) Sawipg Propellant Sample: Thiokol, Hunteville Division, 19 March 1959.
™o operators were engaged in sawing samples when the propollant lgnited
and burned. It is believed heat from friction between the band saw blade
and blade guide caused the ignition.

10:16 (3) Sawing Propellant Sample: Thiokol, Longhorn Division, 1959.
After an operator had aut some ropellant samples with a commercial type
band saw (approved elootrical class), he attempted to clean the blade with
& brush. Propellant cuwttings beneath the :aw tuble becamo ignited and the
fire spread to nearby samples. It is believed the cause of the fire was
undue pressure against the band saw which ipgnited grains of propellant
between the band saw and saw guide.

10:16 (4) Explosion of Vacuwn Line Servicing Propellant Swuuple Saw: Ses 10115 (6).

10:26 (5) Lithium Aluminum Hydride/Ether, Fire: Chemist was pouring ether (which had
been dried over calcium hydride) into a flask containing lithium aluminum
hydride. A flash occurred burnin~ the chemist.
ASESB Explosive Incident Report No. L.

10:16 (6) Hand Cutting Samele from 92-Pound Motor - Ipgnition: Rocketdyne, icGregor,
Texas, 5 July 1962.

¥Yhen using a beryllium alloy knife to cut a laboratory test specimen from a
92~-pound cast ammonium perchlorate motor, the onerator noticed sparks at the
point of cut. The grain burned rapidly, but the operator cscaped with only
a slicht burn. Porty previous samples had been taken in a similar manner
without incident., Cause believed to have been due to friction inherent in
the cutting action.

Manufacturing Chemist Association, Inc., October 1962 issue.

10:16 (7) Metal X Fire in laboratory Hood: Thiokol, Huntsville Division, 26 Nov. 1963.
3-400 grams sample involved. Following the fire, extensive atmospheric tests
were run before personnel were permitted in vicinity of laboratory.

10:16 (8) Laboratory Oven Fires: Astrodyne, McGregor, Texas, Years 1956 and 1957.

Possible causes of five different laboratory oven fires:

1) Igniters were to be cured for two to fowr hours at 170°F. Operator set
oven at 168°C, and igniters caught fire on reaching auto-ignition tem-
perature, Corrective Action: Select one temperature scale for use in
oven room.

2) Heater »elay contact at.t.u:k6 permitting oven to overheat, resulting in
propellant ignition at 365°F. Corrective Action: Functional check at
leant weekly.

3) Auxiliary hoater switch was mistakenly left in the "on" position, per-
mitting oven to overheat and ignite mopellant. Correction Action:
Replace torple switch with one that camnot be inadvertently activated.

L) Low igniticn temperature of amwordum mitrate propellant containing
EL Chemical 1834.

-17 -




5) Probable short circuit in oven or control due to deluge water in
oven, causing oven to overhesat and propellant ignition. Corrective
Action: After deluge and before start-up of electric oven, check
dryness.

Reference 12, Pages 21, 22, 23, and 24,

10:16 (9) Beryllium Hydride “ncident: Thiokol, Reaction Motors Division, 13 Dec. 1963.

Laboratory hood fire involving small amount of Beli? in a high-energy fuel.
Reference TLD No. 0-63-1890.




TRANS}ORTING RAW_PROPELIANT, MOTCRS, BTC.

10517 (1)

10:17 (2)

Ove of Cas = dor of Propejlants Thickol, Longhorn
Division, August 1902. '

A casting can cantaining 2,400 pounde: of raw, XM-30 propellant, "toppled"
from the dolly on which it was being transported as the tow motor operator
was executing a right turn. When the can struck the pavement, the propel-
lant ignited and burned. The operator had failed to secure (by use of

pins) all four legs of the casting can in the "wells" provided on the dolly.

od oset Thiokol, Wasatch Divi-

sion, .
When transporting an emptied casting can and casting hose on a dolly to
tho cleaning building, the tow motor operator looked back and observed
that the flanged end of one of the casting hose was dragging on the pave-
ment. Sparks were noted, and at the same time propellant in the hose
ignited. All hose on the dolly burmed. Propellant remaining in the cast-
ing can 4id not ignite.
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CLEANING PROPELLANT EQUIPMENT

(Cleaning Degreaser - See 20:13)
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Casting Can Cleaning Incident: Thiokol, Huntsville Division, 30 august 1961.
Operator was in a crouched position inside a 300-gallon casting can scraping
the remaining propellant loose with a stainless steel spatula. The can is
placed in a horizontal position for cleaning. Operator saw a glow on the
tip of hi= spatula an instant tefors a fire occurred which hurled hia
approximately 20 feet. Operator was off work i9 days.

Reference Thiokol, Huntsville Division, "Fire During 300-Gallon Casting Can
Cleaning Operation", Control No. U-A-6l-4254A.

Casting Bayonet Incident: Thiokol, Wasatch Division, 23 March 1962.

Fire started when an operator placed the flanged end of a propsllant-filled
casting bayonst on a concrete floor with too much furce. Cause of fire was
either friction or sparks. No one injured.

Cleaning Cas e: Thiokol, Huntsvilles Division, 22 May 19€1.

An operator was cleaning an offset casting tube assembly which consisted
of two 6" x 24" marman flanged straight sections and two marman flanged
elbows. The excessive mropellant was being removed through the assembly
by forcing a clean cloth ball through the tube with 80Fpsi of air pressure.
A fire occurred when the ball came out of the tibe. Investigation showed a
female elbow and female straight joint were assembled together and pinching
could have occurred when the pressure released. One first-aid case.

Cleaning 300-Gallon Casting Can: Thiokol, Huntsville Division, 8 Sept. 1961.
Fire occurred while an operator was cleaning waste propellant from a 300-
gallon casting can with a stainless steel hand smtula. Possible Cause:
Undue pressure applied to spatula while removing propellant fram the bottom
section of the casting can.

Mixer Cleaning: Thiokol, Huntsville Laivision, 17 October 1959.

A flash fire occurred during mixer cleaning operation while using sawdust
and detergent as the cleaning agent. Cause: Foreign body accidentally
introduced into the mixer. A similar incident occurred on 16 January 1959
when 2 piece of tramp metal was introduced into the mixer with the sawdust.
On 21 September 1960, a screen used to screen detergent into the mixer was
accldentally introduced into the mixer during cleaning operations, and as a
rcsult, a fire occurred,

hutor Case Cleaning: Thiokol, Huntsville Division, 9 December 1958.

In order to rcoclaim motor cases, loaded reject wotors are soaked in a

solvent until propcllant softens. An operator wsing an improvised tool,
which had just been sharpened on a grinding wheel, attempted to remove
softened propellant fram a motor case, and the propellant ignited. It is
tclieved the temperature of the tool was sufficient to ignite the propellant.
As a result, several motors were ignited.
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IT FIRING

10:19 (1)

10519 (2)

0 s Astrodyns, McGregor, Texas, Juns 1957.

No ﬁs. Demage E]’l,ﬁ. Possible Causes: Igniter blast or extremely
high buning rate of igniter caused propellar - breakup. Large burning area
due to propellant breskup resulted in pressures sufficlent to cause failure
of case. 3,000 pounds of asmonium nitrate propellant and one 1,200 gram
BlAl igniter involved in this incident.

Reference 12, page 13.

Explosion of Motor During Jest Piring: Astrodyns, Inc., McGregor, Texas,
October 1957.

¥o injuries. $52,508 damage. 3,800 pounis ammonium perchlorete propellant.
Posgible Causes: PFailure of propellant-to-propellant, restrictor and/or
case bnds, creating excessive propellant burning ares and plugging of the
forward section of the grein port, resulting in exceesive pressure and

explosion.
Reference 12, page 12.

BIRNING GROUMD
10:20 (1) Hxplosjon During Buming of Screp Explosiyes: Astrodyne, Inc., McGregor,

10:20 (2)

10:20 (3)

Texas, Janmry 1957.

Appraximtely 40 pounds of ignition material and 4,000 pounds of amsoniwm
nitrate and smonium perchlorate were on buning pad and burned five
minutes before exploding. Five craters were farmed up to tires feet deep
and three feet wide. Appraximately 500 pounds of unburned mopellant was
recovered; one piece weighing abaut 25 pounds was found one-fourth mile
avay. Possible Cause: Igniter materials canfined in cartons exploded iwe
to intense heat of burnirg waste.

Reference 12, page li.

ture I ion of W lorate t Thiokol, Longhorn Division.
of waste um perchlorate n prepared for later buming
by epreading the perchlorate over sawdust amd then pouring oil over the
perchlorate. As the workmsn were walking awvay from the pad to prepare
other pads of waste, the perchlorate pad ignited. Possible Cause: Accl-
dental contamination of the ammonium perchlarate wWith a small amount of
metal powders which reacted with moist air producing hydrogen gas and heat.

Explosion, Burning Pad: Astrodyne, McGregor, Texas, February 1957.
Material had been burning three to faour minutes cantaining 4,000 to 5,000
pounds of ammonium nitrate and ammonium perchlorate propellant. Crater
formed was 2 feet deep by 24 feet across. Propellant fragmernts were mo-
jected to one-half mile. Possible Causes: 1) Conbined weight and depth
of explosivc bed might have provided cafinement sufficient to initiate
explosion; 2) Scrap other than propellants might have exploded, initiating
the propellant.

Reference 12, page 15.
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PROPELLANT INGREDIENTS

ALUMINUM: I'IRE AND EXPLOSIVE HAZARD

11:10 (1)

11:10 (2)

11:10 (3)

11:10 (4)

Aluminum Powder Hasards - Reynolds Metal Company.
Longhorn Safety Section File 341-11/206.1.

Safety Bulletin No. 60.
Thiokol, Longhorn Division.

Milton Cutler, U. S. Ammy Chemical Warfare Laboratories: "Pyrotechnics as
Propellants and Fuels". Aluminum and other metal powders. Handling,
extinguishing, etc.

Reference 6, pages 24 - 34.

Atomized aluminum powder may be stored when in sealsd containsrs at O° to
110°F and 25% to 75% humidity. Outdoor storage mot recommended. Drums
heated to 135°F should have the air vent screws removed before heating.

May recuire several days for catents of the drum to reach this temperature.
Reference is made to a Bureau of Mines Report, "Inflammability and Explosi-
bility of Metal Powders", and a report by Hartman in "Industrial and Engi-
neering Chemistry®” on physical test. Sealed drums in storage not required
to be grounded. Recommsndation on cmtrol of atmospheric cancentration of
aluminum powder, cleaning equipment, and wet type dust collectors.

Letter from R. H. Frederick, Regiomal Industrial Engineer, Powder and Paste
Products, Reynolds Met-1 Company, 49)0 Oak Street, Kansas City, Missouri.
Addressed to Mr. Ed Brasch, Thiokol, Longhorn Division, dated 24 April 1961.
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ALUMIWM: INHIBITED POWDER

11511 (1) Aluwdimm powder considered inhibited by treatment with 1% aquecus solution
of sodium fluorcbate (NaBF),)-stored in closed containers, ruptured 75 days
later.

Thiokol, Huntsville Division, Alabama.
Thiokol Longhorn Safety & Security Container No. 108,

.
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ALYCINUD 0 THRROOTE WASToU ITH Fe203, SPARK PLODUCING

11:1° (1) 5tecl, couted with aluminum paint, can emit sparks when struck .ith a metal
striker (steel, trass, or non-sparking alloys) and such sparks my ignite
mixtur: s of flammable gases or vapors. The sparks are due to the termite
reaction between iron oxdde and aluminum, and are therefore produced only
in the nresence of iron oxide. The extent of this hazard denepd~ 'mon the
nature of the surface covered and the nature of the maint.
"leci lent I)’rov~-ntion Manual", Third Edition, Page 30:17 (seveiral reterences
Also eciven).

17:12 {?) .luminum and aluminum containing alloys arc avoided in plant where possible
becau:e of the thermite~type reactions with rust or chromium sesquioxide.
txplosive tesearch amd Deve lopment Establishmeat.

Tefoerence 3, page 48,

1 () sec 20:15 (1),

1M:1 (4) Sparkucs Hesosd of aAluminum-Painted Iron and Steel Surfaces: In view of
the pot.utlial snrking hazard, this office concurs that alwsinum paint
should not be used on ferrous metal surfaces in hazardous locations as
L-fined in Taeateaph 603e (1), AMCR 385~-224 (ORDM 7-224). This policy
will L.« ;eflected in the revision of the regulatinn. The use of fixtures
and elbi-etrical conduits having an aluminized coated surface should not
present 1 hazard; however, these surfaces should not be repainted with
Aalw:inue paint,
File MC\W)-SE, Fifth Indorsement, dated 16 August 1963,
Fron «°C 3afety Division to KUCOX, Dover, New Jersey.
lowrhor: Central File No. 30-1/201.2,




AL 100t ;

BACTION . TTH CHLORINATED HYDiWCARBONS—-ALUHINUM METHYL

11:12 (1) Reaction of aluminum with chlorinated hydrocarbons can form e:xplosive

11:13 (")

compournxis, 23 aluminum methyl, etc.
Letter from Burcau of Mines, 10 June 1958.
Safety Section File, Longhorn Division, 3,1-11/206.1.

Tricthyl-aluminum and Triisobutyl-alundnum: Bulletin by Yexas Alkyls, Inc.,
Houston, Texas. Properties, hazards and safety information.
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Contact Letveen Tellnn and alum’nun mating parts may create hazardous
conditiom 4 on propellants are involved. It has been knowm that mixtures
of T¢fion w' 1luninum will bura and can sometimes be set off by friction.
sLe ¥ ortu'c ) eoated with Teflon, emit a smoke vhen screwed rapidly into
Jucines: o qoandrels.,

Taeend ot o c 1tion”, Ordnance Anmunition Commond, Jun< 1757.




ALRIINUM: REACTION WITH WATER AND EVOLUTION OF H2

11:21 (1)

1n:21 (2)

Gasxing (evolution of H2) results if water is introduced irto TPH-8QL1
(Pershing) propellants.

Trip Report to Huntsville Division of Thiokol, 9-11 January 1961, Joe
Mxphey, Longharn Division of Thiokol.

Also See Letter to J. A. Farr, Jr., 11 December 1958, from Thiokol,
Huntsville Division.

Gas samples were taken from swollen TRX-135D propellant dog bones. The
rropellant was water socaked and swelling indicated the ewvolution of gas.
Amalysis showed 60u - 708 of the gas to be hydrogen.

Thiokol. Longhorn, Laboratory Report 13 January 1961. Fils 332-1C.

- 2R -

- -




a—

ALV THGHE B /JECRLAGED SENSITIVITY IN CERTAIN PROPELLANTS

11:23 (1) It appears the presence of aluninum in PBAA propellanis does not increase
or decrease the nazard potential of the propellant. Therefore, alumimm
is considered neither as an oxidizer nor as a fuel in volumetric ratios
ranging from 2.1 to 3.87.

Thiokol Report No. 43-59, Reference 5, Page 3, Container 108, Longharn.

11:23 (2) Sensitivity test on 2056D experimental mix (same as 2026 series except
that the alcohol is added to the mix after the addition of AP and resor-
cirol; ordinarily alcohol is added at the beginning of the mix) showed
samples containing aluminum were less sensitive than the previnus scries
which cantained no aluminum.

Reflercence 2.

11:23 (3) Tests were conducted to determinc the hazard potential of composite solid
nron 11 nts of the PBAA mropellant family. Formulations containing from
65" to 86.85 cxidizer and 05 to 207 aluminum were tested. No evidence of
sustained detonation throughout the mropellant mass was noted during these
tests. Although some formulations showed slidht participation in the area
adjacent to the initiator, this participation did rot propagate through
the propellant. From these tests, it was concluded that the presence of
aluminum does not increase or decrease the hazard potential of ths propelila: -.
iteference lio. §.

11:23 (L) 3ee 25:11 (1) where aliminum increases the hazard in liculd-carrier "gvick-
mix" orocess of solid propellant mmfacture when the slurry becc:ies ;artly
dried out.




ALUMINUM: COMBUSTION CHARACTERISTICS IN PROPELLANTS

11:24 (1) "Study of Combustion Characteristics of Aluminized Solid Rocket Propellants',

by B. C. Harbert and J. A. Keller, Phillips .Petroleum Company.

This report is the result of a study to: 1) learn more about combustion
of aluminum during the buming of propellants, 2) develop a research method
for measuring the effect of additives qn the cambustion of aluminum in pro-
pellants, and 3) find methods of modifying cambustion behavior of aluminum
in castable propellants, with the ultimate goal of improving engine perfor-
mance of these propellants. .

Reference No. 9, Volums IV, Page 21l.

11:24 (2) See 13:11 (©).
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WHIOR: To: Gl JCAL, PHYSICAL, AND STABILITY TRSTS

12:11 (1)

1n:01 (2)

12:11 (3)

12:11 (4)

NDescrintion ¢f certain testing devices lor testing sensitivity of ammonium
nerchlorate and othcr material i« deserived, such as impact sensitivity
devices developed Ly Jet Propulsion Laboratory, auto ignition devices by
ocketdyne, fricti:n sensitivity apparatus by Rocizetdyne, spark ignition,
and subsurface ipnition devices.

Rocketdyne R-4,069, "Teport of Special Explosivity Tests", 14 October 1960.
Longhorn Container 1(8, Safety and Security Department.

Necomywsition of Ammonium Perchlorate: Studies on the effects of additives
on the therma) decomposition behavior of NH)C10, were made by performing
differcntial thermal analyses on dry mixtures of 99% MH,C1G, and 1% addi-
tives. The DT\ result: have revealed that additives can affect the thermal
decomposit ion behavior of NlthlOL in any one of four distinct ways.
Reference No, 3, page 211.

Impact Sensitivity of high purity ammonium perchlorate is comparable to
that of most high explosives. Requires the equivalent of 10 grams of
mercury fulminate ar an XC-32 Detonator to detonate the dry material.
Very insensitive as explosives go, but more sensitive than the sodium,
potassium, and magresium compounds; drop test, minimum: 86 in. for

11 1b. weight. Insensitive to severe friction test. Heating smll
cuantitics does not cause explosion; temperature of explosion = 1308°C;
heat liberated = 344.5 cal/kg. Ammonium perchlorate is thermally stable
below 300°F. Decomposition begins at 130°C, becomes explosive at 380°C.
Metallic contamination increases the sensitivity of ammonium perchlorate;
certain metallic perchlorates are extremely sensitive. The handling of
solution and wet solid NH,Cl(y, is not hazardous, but the drying process
presents a fire and possibly an explosive hazard.

NAVORD Renort 7147, (Vol. 1), "Chlorates and Perchlorates, Their Manufac-
ture, Properties, and Uses".

Detonability of Ammonium Perchlorate: In redesigning their continuous
nixing facilities, Clin Mathieson ran some tests of ammonium perchlorate
to detarmine the hazard of material transfer between ingredient feeder (AP)
and the continuous mixer. Using 2 and 3-inch diameter by 4 ft. cardboard
tubes, loaded loosely or packed with up to 40 lbs. of AP, they placed as
many as four tubes end-to-end in a horizatal position. Variations in
tube arrangements included use of 90° bends. Detonation of the AP was
accomplished through the initiation of booster charges of 100 and 200
grams with a No, 6 blasting cap. Conclusions drawn fram these tests

show: 1) The critical diameter of tubes confining a static bed of 40
microns of ammonium perchlorate is samething less than 2 inches, Critical
diameter is defined here as that diameter which must be employed to give

a reasomable ruarantee that a detonation in one end of the stream will not
propagate from the source through the bed of material. 1In all tests with
3-inch tubes, detonations were established aml propagated the full 200-inch
Jengthe  Some detonations were cstablished in 2-inch tubes; propagation

in this casc, however, ceased at abouwt 100 inches. 2) No reliance can
be placed on 90" bends stopping a dctonation in conduits c:urrying ammonium
perchlorate. In each caac, the dctonation wave transferrcd around the
bends and traveled on down the tubes. This may be due to the low detona-
tion rate as compared to high explosive materials. 3) If critical
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12:11 (5)
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diamoters are exceeded, no reliance can be placed on employing open or
slotted rathur than closed tubes. 4) Wwhen critical diamcters are
vxcuaded, a detonation wdll travel the full length of the tube, regard-
less of its longth. 5) A 1light blowout material is ineffective in
halting propagation of a detonation. ‘

Mr. James C. Barr, Nanager, Develoment and Engineering DBranch, Olin
Mathieson. Reference Mo. 7’ pages 3 =4

2 D - Operties o »
Table 1. Experimental results and recommndations are given. Experimental
results include such data ast mean impact sensitivity, minimum booster,
eritical dameter, detonation velocily, high velocity impact test, detona-
tion velocity, high velocity impact Lest, detomation pressure, ocard gap
sensitivity test, and sympathetic deonation test.

" Letter from H. W. Ritchey, Vice President, Rocket Operatioms, Utah Division.

w:11 (6)

12:11 (7)

12:11 (:2)

The Mechanism of Defl M_HMM&& by Raymond
Priodmin and Joseph B. levy, Atlantic Research Corporation.

Results of new deflagration experiments with ammonium perchlorate, both
pure and catalysed, are given. These include studies of rates of defla-
gration, surface teaperature, and effect of incident radiation on defla-
gration, Ammoniwue perchlorate will not normally deflagrate below 22
atmospheres. However, a radiant-heating apparatus (shown in Figure 4,
page 366) was found to produce conditions permdttineg steady deflagration
at atmozpheric pressure. (The radiant-heat source is a 1000-watt lamp.)
Rcfc“’nce NOQ 9’ VOIQQ.V’ ms‘ 3510

Impct Sensitivity becomes critical in cases where the sludge (AP in
hexa-mathyldisiloxane) is not completely wetted by the carrier (a fact
substantiated by analogous test with and kerosene reported by the
Bureau of Mines, Refercnce 2). Their attempts to initiate detonation
were successful only whan there.were voids in the sludge caused by
incomnletce wetting or entrapped gas or vapor.

Rocketdyne "Report of Special Explosive Tests", page 30.

Container 103, Longhorn.

No Imition of ust Clouds of amonium perchlorate could be chtained in
aip ot normal temparatuwres and pressures, either by high woltage elec-
trica) induction sparks; by electrical conlenser discharse s.arks; by a
(4h7=vort, n.c., 7.5 ampere) carbon arc; or by the timed flame of a 75 m3.
tuft. of -wicotton used in the test cruipment. Dust clouds of ammonium
perchlorate were not i-mited during rapid dispersal of a1l quantities
throush the laboratory furnace which was heated to various togperatures,
e tine up to 9500, Howuver, dust clouin (1 os. per -mbic foot) at
mitoe! Lawerature of 1000C and one atmospheric jpres:are, using s

i mikion souree Slame from 300 m. wrd 500 mg. Lafts of uncotbon respoc-
Hvely, werr imsted .l relatively mild exploaionsg roanliel within the
o test.

Bureau of Hines, Report No. 3705, 5 Septembier 19%i3, Container 106, Longhom.
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EX21O5IVES HAZARDS IN HANDLING AND STURAGE

12:12 (1) Detonation of two drums of ammonium perchlorate in a mixer bay is believed

12:12 (2)

7 IO

to have initiated by high velocity particles rather than by the detonmation
wave front from a mixer explosion. Olin Mathieson Chemical Corporatiomn.
Minutes of T&SC Meeting, 15 Pebruary 1960, Safety and Security Department
File, Longhorn.

Detomtion of ammonium perchlorate is demonstrated by filling an 8" x 38%
steel cylinder with a plate welded on one end and initiating with an
exhlosive charpge. Huntsville Division, February 1960.

Minutes of T¢SC, February 1960, Safety and Security Dept. File, Longhorn.

The bulk density of ammonium perchlorate explosives has a considerable
effcct on the sensitivity of detonation.

(1909) Reference No. 1, page 136.

Arwonium Perchlorate Storage Hazard: A study to evaluate the hasards
connected with ammonium perchlorate storage and handling was conducted
by the Utah Division of Thiokol Chemical Corporation and Intermatiomal
Research ani Engineering Company, Inc. This study shows that the
critical detonation dismeter of powdered ammonium perchlorate is in the
order of 5" to 6", and that the detomation velocities approaching 4000
meters per second are obtainable in diameters of 2! and above. As a
result of these studies, eight recommmdations for handling smmonium
perchlorate were made, These recormendations establish higher safety
standards for AP storage than are now in use.

Letter, dated 24 March 1961, from H. W. Ritchey, Vice President, Rocket
Operations, Thiokol Chemical Corporation.
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ANMONTWM PERCHLORATE: SENSITIVITY INCREASED/DECREASED BY IMPIRITIES

12:13 (1) Decomposition of smmonium perchlorate is fairly rapid @ 220°C, still
more rapid at 240°C, but negligitle at 210°C. Fep03 has & negative
catalytic effect on the first decomposition step some positive -
effect on the seoond step.
Reference 1, page 207.

12:13 (2) MnOp increases the resistance of ammonium perchlorate to shock.
Reference 1, 1910, pege 137.

12:13 (3) Traces of Mi3 salts and chlorates in NH,CLO, are to be avoided due to -
formation of sensitive NBLCI.O3.
12:13 (4) The sensitivity of perchlorate explosives may be increased by small -

amounts of impurities; for example, A trace of cupric chloride, or
.005 to 1.08 of an alkali or alkaline earch chlorate, will greatly
diminish the resistance of CLO, to shock. This is believed to be
due to the formation of MH » & very unstable compound.

Reference 1, pages 135 - 136; also Reference 6, page Ll.

12:13 (5) Aswonium perchlorate was found to be most sensitive to ignition at a -
moisture content of 0.02% to 0.5%, particularly when it is contaminated
with copper and possibly in the presence of other metallic cantaminants.
Reference 1, page 215. -

12:13 (6) Additional safety precautions taken at the Western Electrochemical
Company's plant included rapid drying through the c¢ritical range of
moisture content (0.02% - 0.5%). -
Reference 1, page 216.

12:13 (7) Copper chromite increases the ignition susceptivility of ammonium -~
perchlorate dust. Ammonium perchlorate - copper chromite dust mixtures
in air, ammonia - air, or ammonia - nitrogen are ignitable by spark
ignition. A gas explosion above a propellant mix can readily be
propagated to the propellant if oxidizer dust is present. These
phenomena do not occur if an inert atmosphere such as nitrogen is
mintained above the mix.

Refercnce 3, page 37. . -

12:13 (8) Coated Ammonium Perchlorate: Ammonium perchlorate coated with 0.2%
tri-calcium phosphate, and containing no organic fuel impurity, can -
be detonated. !Ye have good evidence to support nur belief that a fusl
impuwrity is not necessary.
kr. James Barr, Manager Development and Engineering, Olin Mathieson.
Reference 7, pags 5.
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AiONIVL . PIRCHLORATE IN EXPLOSIVES AND PROPELIANTS

12:1 (1) Maximun Brisance:s Variation in the nature of the combustible ingrediemts
have a very marked effect on the optimum charge density required for
maximum brisance. Soms mixtures require high campression; in others,
maximun brisance is obtained when the charge is entirely uncompressed.

At low loading densities, the proportion of organic mterial to axidiser
may vary over a wide range without any appreciable effect on brisance,
vhereas at higher densities the brisance is decreased by increasing the
organic material to a point where a deficiency of axygen results.
Reference 1, page 136.

12:14 (2) Oxygen Balance: According to two investigators, the "oqun balance® of
ammonium perchlorate explosives shtould be between 4% and &%.
Reference 1, page 136.

12:1 (3) Critical Confinement: In the past we have discussed critical depth amd
critical pressure as regards to transition from deflagration to detomtion.
\ restatement of this may be in order. It is, in essence, a combination
of these two, and maybe we can call it critical confinement, meaning that
a fire is underneath the surface of the propellant, and the physical mass
inertia of the material is such that it contains this fire until a given
deflagration transposes to detonation.
T&SC Minutes, 15 February 1960, Longhorn.

12:14 (4) Tests by OCO and Thiokol on PBAA propellants indicate that there was no
propagation of detonation in any of the samples, but there was some
participation in one special formulation containing 1008 ground oxidiser.
This indicates that particle size, as well as the percert oxidizer, must
be considered when determining the hasard classificatio. of propellants.
However, this problem is not serious, gince formulations containing ground
fractions great enough to cause extensive participation of the propellant
in detonations cannot be successfully mocessed.

Thiockol leport No. 43-59, "Special Report Detonation Characteristics of
PBaA Propellants®. Longhorn Container No. 108.

12:14 (5) A very small amount of ammonium perchlorate (2i%) was sufficient to bring
the sensitivity fisure (of a NG/NC base plus acetone plus resorcinol plus
alcohol) down from atove 600 mm to 200 mm (5 kilo wt., or .02 gr. sampls).
Bel.ow the 505 level, the positive sliding rod test (10 1b. cylinder or
"Porpedo” 0.1 gr. sample) gave only crackles and burnings, vhile at 508
and above the positive tests were sharp explusions or detonations.
Reference 2, Container No. 108, Longhorn.

- 35 -

gl

SR »

%
!
i




. - I - L o
"gf’a?; e - LT 0 e ax t e

B¢ 5 st . ] - .. LR '*\"i" e bt r -
% £37cns L o~y - - v — e -~ ‘*ﬁ%&@_‘é@.&ga*‘f 23!:.";!

12:15 (1) Amsonium perchlorste was found to be most sensitive to ignition at a
~ moisture cantent of ow - o”o
Reference 1, page 215. -

12:15 (2) Use of desiccants in tote bins is cssential, according to test on
Aerojet-type oxidiser at Aberdeen, Miseissippi. Memo by Process -
Development, 19 April 1960, File 80/C, Container No. 108, Longhorn.
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#2:16 (1) Ammonium perchlorste, when acetone wet in the range of 105 to 20% by
3 weipht , becomes extremely sensitive to impact and friction.

Reference 2.
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4 nep: ¢ Mr. V. E. Hmninger, ICC, "There's
that has appealed to the to ship perchlorate in aluminum; as
far as I know the Bureau of Explosives has never been approached on the

problem. I don't think we would do it without some sort of a liner, if
we do it at all”. Mr. R. P. Rice, Amsrican Potash and Chemical Company,

"We're the largest manufacturer of AP and have done some work with rocket
manufacturers on shiipping in bulk containers, nmmely, nestabin, sealbin;
some evaluation work has been done on. your :Kaiser bin. We have ICC
otebins and inverta bins®. Dr. Ball,
an incident where an aluminmm container
: to melt and get involved in this

the results were not pleasant”.
Reference 7, pagc 180. Lonzhorn Safety & Security File 340-1/304.4.4.
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OUANIC SALTS OF PENCHLORATES

12:21 (1) The diazonium perchlorate of p-phenylenediamine was reported in 1910 to

12:21

12:21

12:21

2
1:21

(2)

(3)

(%)

(5)
(6)

be the most explosive substance known.
Reference 1, page 66.

Amine Perchlorates: Perchlorates of a great number of asromatic amine
will either volatilize or decompose when heated slowly. However, if
they arc sub jected suddenly to high temperature they will explode.
Reference 1, pages &4 - 65.

Hethyl 1 d () are very sensitive to heat, shock,
and friction and are extraordinarily explosive.
Reference 1, pages 67 and 214.

Trichloromethyl perchlorste forms perchloric acid with water; it explodes
when heated and also at room tewperature when in contact with alcohol or

othcer organic substances.
Reference 1, mpge 214.

Qrmpaidc Perchlorate: Incident when handling. See 13:11 (10).
Hydrazine Perchlorate fire in Scptember 1963, Wasatch Divisionm.
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1212 (1)
‘ ‘Reference 1, page 209.

$ Various complexss of silver or lead psrchlorate

Lead or Silver Perchlorate
with organic compounds are liadble to explode.

12:22 (2) W has been faund to be particularly unstable.
erence 1,

open tha door.

(11010, ), Thiockol, Huntsville Division, 7 Feb. 1958.
Mu in a 2500F oven, a sample ignited and blew
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FUSLS: PBAA, LP, MAPO, EXOTIC ADIOACTIVE MATERIAL

13:11 (1) KAPO and ammonium perchlorate are not compatible. These two materials when
mixed together undergo spontaneous cazbustion.
Trip Report, Huntaville Division, Thiokol, Jauary 9-11, 1961, Joe Murphey.

13:12 (2) Addition of ensrgetic additives as lizht metal hydrides in binder/cxidiger
systems: Mention is made of the work bedng dane by werious campanies on
different additives, e.g., stahiligzing coatings for certain hydrides, de-
sensitizing LiAlH;, etc., and encapeulating. Sixteenth JAMAF Solid Pro-

. pellant Group bulletin is referred to for greater details.
i Nr. Barr, Olin Mathieson Chemical Corporation.
Reference 7, pages 5 - 9.

13:11 (3) n%n Encrgy Fuel: Papers deal with the following fuels:
a) Vinyl-aluminmm Compounds and Aluminum Hydride Complexes of Tetrazoles
and Hydrazines. Page 1, Vol. III, Reference 8.
(b) Light Metal Hydrides and Their Vinyl, Ethyl, and Methylems Derivatives.
Page 9, Vol. III, Reference 8.
(c) Derivatives of Boron and Alumimm Hydride. Page 23, Vol. III, Ref, 8.
: (d) Hydrazine Mono and Diborage. Page 35, Vol. I1I, Reference Ko. 8.
i (e) Synthesis and Formulation of BN Components of Solid Propellants.
; Page 49, Vol. III, Reference No. 8.
: (f) The Preparation of Aluminum Hydride. Page 71, Vol. III, Ref. ¥No. 8.

13:11 (L) High Energy Solid Propellants Containing Encapsulated Materials.
Vol. IV, Page 23, Reference No. 8. (Aer.jet-Gensral Corporation).

13:11 (5) High Energy Hydride Solid Propellants. (Hughes Tool Company).
Volume IV, Pﬂ.ge 65, Reference .o. 80

13:11 (6) Research and Development for Carborane Propellants.
Thiokol ~ Vol. IV, Page 87, heference No. 8.

13:11 (7) High Polymer, Hydrazine Based Solid Propellants. (Bell Aircraft Corp.).
Vol. IV, Page 155, Reference No. 8.

13:11 (8) The Effect of Metal Additives on the Combustion and Performance of Solid
Propellants. This paper is a general revier of the effect of metal addi-
tives (to increase the specific impulse and densitv) on propellants.
Experimental technique, photograph studies, cambustion characteristics,
effect on unstable buming, ignitibility, sensitivity, and detanabdility
are discussed.

Jet Propulsion Laboratory. Reference No. 9, Vol. IV, page 1.

13:11 (9) Chemical Modifications of Polyurethamne Propellants. Severazl references
also given.
Jet Propulsion Laboratory. Reference No. 8, Vol. V, page 71.

13:11 (10) Reaction Motors, 13 June 1961 (Division of Thiokol Chemical Corporation).
Two cubic inch mixer exploded as opsrator was adding MAFO to experimental
organic perchlorate propellant. Operstor lost some fingers, sustained
other injuries. '

13:11 (11} FAIO - NMi,C10, Capability Studics by P. O. Blackwell, Thiokol Chemical
Corporation. TM=139, Control No. U-A-61-3204.

12:311 (12) APO - mzcm,, Compatibility Test. See Technical Note 11-63. Kay 13,
1963, by G. £. Dolan.




JUIS_ (Continued)

13121 (13) See 10:11 (24) MAPO/Ammonium Perchlorate Sensitivity.

PUILLE BASE PROIELLANTS

13:12 (1) Processing of "Fluid Ball" Composite Base Propellant, by R. E. Coffee,
C. R. Culverhouse, and R. C. Cook. Olin Mathieson Chemical Corporation.
Reference No. 8, Vol. IV, page 255. ' .

PYRUTECINICS

13:13 (1) Mr. Miiton Cutler, U, S. Army Chemical Warfere Laboratories. Pyrotechnics
& prorellants and fuels. Dryling, mixing amd blending, dust, bulk, etc.
Reference 6, pages 24 - 28, Thiokol Lenghorn Safety & 3ecurity Dept. File.
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BURNING RATE CATALYST

14:10 (1) The effect of metal additives on ths cambustion and performance of solid

14:10

1 210

(2)

(3)

(4)

(5)

oropellants is summariged in this paper. Combustion characteristics of
many metals used in mropellants, whether they be used for ballistic modi-
fiers or performance increage, is given. Compatibility of the additive
in the sense of chemical stability of the resulting composition is dis-
cussed; for instance, aluminum used in polysulfide-ammonium perchlarate
type propellant is limited in the sense that compositions containing more
than 8 wt? produce excessive gasification during cure. Effect of metal
additives on shock sensitivity, ignitibility, amd detonability are areas
in which effects are not clearly understood ami defined at present. (Jet
Propulsion Laboratory), Reference No., 9, Vol. IV, Page 1.

Burning rate modification of double-basc propellants. A. M. Jacobs anmd
J. H. Godsey, Hercules Powder Company. Paper deals with lead compounds
used as burning rate modifiers.

Reference No. 9, Vol, IV, Page 4l.

Modification of Burning Charscteristics of Solid Propellants. Frank

J. Kushibab, Thiokol Chemical Corporation. Alteration of the buming
rates of solid propellants is being studied by two general technigues.
The first method is the incorporation of selected additives (pyromellitic
acid, cobalt, etc.) into the propellant campositions. The second method
involves the stuly of the correlation of chemical and molecular siructure
to burning rate in liquid polymer-ammonium perchlorate system. Results
obtained trom these two apmroaches to the problem are summarized.
Reference No. 9, Vol. IV, Page 79.

Factors Governing Burmning Characteristics of Composite Solid Propellants.
Atlantic Research Corporation by R. Friedman, J. B. Levy et al. Factors
vhich govern the burning characteristics of composite solid propellants
are discussed. Tre results of both experimental and theoretical investi-
gations are used as a basis for conclusions and hypotheses as to the
mechanisn of combustion. Included in this discussion are the effects of
burning rate on pressure, particle sige of inorganic constituents, cata-
lysts, and heat transfer by means of metallic wire.

Ruofercnce No. 9, Vol. IV, Page 97.

Plastic Froiellants: Compositions of Improved Performance Covering a
Wide Runge of Burning Rates, by B. H. Newman et al. Ixplosives Research
and Devclopment Establishment, Waltham Abbey, Essex, England. By varia-
tion of axident particle size, and by choice of catalyst, in the basic
formilation ammonium perchlorate (82-89%)/polyisobutene (9-15%)/surface
active agent (1%/catalyst (0-2%), burning rates in the range of 1.67 to
0.67 inch/s. (at 1000 p.s.i.a.) have been obtained. Of the catalyst
studied, copper chromate was outstanding for increased turning rate, amd
titanium dioxide was the most effective resonance suppressor. For burn-
ing rates in the range of 0.6 to 0.15 inch/s. (at 1000 p.s.i.a.), some
of the ammonium perchlorate is replaced by ammonium picrate. Other cata-
lysts are discussed.

Reference No. 9, Vol. IV, rage 127.




BURNING RATE CATALYST (Gontinyed)

1U:10 (6) Extension of Burning Rate of Composite Propellants (utilizing a

14310 (7)

14:10 (3)

14:10 (9)

polybutadiene-acrylic acid "PBAA" type copolymer as the binder) of the
rubber base type. Olin Mathieson Chemical Corporation. Some investiga-
tions were also made on propellants containing binders consisting of a
polybutadiene-styrene-acrylic acid terpolymey, modified polyisobutylens
or polyurethane prepolymer. Other studies ooncerned effect on burning
ratc and pressure exponent of amount and particle sisze of the ammonium
perchlorate, use of alumimm and several inorganic boron materials as
energisers, and special uddit.ima for bturning rate enhancement or depres-
sion.

Burning Rate Modification Studies. Rohm & Haas Company. This paper deals
with the dekene and dekasens-type decarborane derivatives. increased
burning rates result vhen added to nitrate ester-type propsllant. When
dekene derivatives were used as the sole himder with ammonium perchlorate,
very fast and reproducible burning occurred (3 0 in/sec. at 1000 pei).
Reference No. 9, Vol. IV, Page 177

Buminz Rate Modification of Castable Pronellants Comprisinz Ammonium
Perchlorate and a Polybutadiene Binder. J. P. Blackwell, Phillips
Petroleum Company. -

Reference No. 9, Vol. IV, Page 193,

Suppression of Combustion Instability by Chemiocal Additives, by
H. Cheung and R. L. Lou, Aerojet-General Corporation.
Refercnce Yo, 9, Vol. IV, Page 233.
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Y11 (1) Epdeazeniwae Nitroformate - (hirh encrgy oxidizer). Explosion occurred
while reaveins sizme in a motor and pestle.
Muntsville, Alabama. C. No. C-A-60-6887.
Container 109, Lonshorn Safety and Security Department.

14:10. (2) Impoct Sensitivity o orate Propellants: Table shows the impact
scnsitivity of various formulations with lithium perchilorate, amwonium per-
chlorate borun, aluminun and copper chromite.

Reference No. 3, mge 75.

14:11 (3) Lithiws Amronium Ilydride: Spontancous fire occurred in a waste barrel
behind the Cheical Laboratory, Huntsville.
See \ccident iteports and Abstracts, Thiokol-Huntsville, C. No. 60-09490.

1:11 (4) Sce 10:12 (20). Propellant cure incident due to presence of ammonivm

dichromatc in the propellant formulation.
Refercnce Ho. 12, page 58.
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HIGH ENERCY OVIDIZERS 5
15:10 (1) Sysposiwn on Hish Eperyy Oxidizers: Papers deal with the following high 3
eeeryy axidizers: ig
(a) Direct Fluorination of Organic and Inorganic Compounds. Vol. III, =
page 81, Reference No. 8. 3
i
(b) Oxidizer Synthesis. Vol. 1II, page 91, Reference No. 8. -
(e¢) Fluorine Containing Oxidizers. Vol. III, page 1(3, Reference No. 8. %"’
(d) The Hireect Fluorination of Nitrogen Compourds. Vol. )JII, papge 113, -
Rcfcr(‘nce NO. 8.
(e) Heats of Formation of Some Bimary Fluorides of the Light Elements. = 20:
Vol. I1I, page 175, Reference No. 8.
() Physica) and Chemica) Properties of Nitronium Perchlorate. Vol. III, -
pane 139, Refmm‘ NO. 80 3
(g) The Thermal Decomposition of Nitronium Perchlorate. Vol. III, page - ?03
169, Reference No. 8. ;
(h) Hpirazine Perchlorate Uxidizer for Solid Composite Propellants.
Vol. III, page 173, Rleference No. 8. h
(i) FKetal Perchlorate Coordination Compounds. Vol. III, page 187,
Reference lo., 8. -
(3) Synthesis of New Inorganic Ozonides. Vol. III, page 195,
Reference No. 8. _
15:10 (2) See 10:13 (5), NoF,, Oxidizer Incident. :
15:10 (3) See 10:12 (6), HPy Oxidizer Incident. -
15:10 (4) See 10:16 (9), Belio/Migh Energy Fuel Laboratory Fire.
o
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PROCESS HAZARDS: SCREENING, MIXING, FINISHING, BTC.

§CREENING AND GRINDING OXIDIZER, CURING AGENTS, ETC.

3

20:10 (1) Grinding Ammonium Perchlorate: Thiokol, Huntsville Division, 12 Jum 1958.
Fire occurred when feeding oxidizer to a micro-pulverizer. Bolt head, appar-
ently rusted by axidizer, had faller. into pulverizer.

20:10 (2) Grinding Ammonium Perchlorate: Thiokol, Huntsville Division, 4 December 1959.
1 A fire occurred in a micro pulverizer during the grinding operation. Jauses
Undetermined. Automatic deluge system extinguished the fire. A hopper screen
was not used at the time.

20:10 (3) di Pe : Thiokol, Huntsville Division, 26 June 1959.
3 During oxidizer grinding operation, a V-belt transmission drive on the feed
mechanism overheated and turned. The AP in the hopper or the ground AP in
a container did not burn. Appraximate Cause: Friction on V-belt due to
misalisnnent or slippage.

ﬁo:m (L) Explosion of Electric Motor in Oxidizer Processing Cell: 8 Septesber 1949,

S it

Aerojet Engineering Corporation, Azusa, California. One fatal injury.
Extensive building damage. The explosion occurrec in a 1 HP electric motor
(approved for hazardous locations) into which potassium perchlorate had
infiltrated and become contaminated with lubricant in the windings. This
explosive mixture was ignited upon starting the motor or shortly thereafter
% by unprotected attendant. The motor was used to drive an ice crusher into
| vhich perchlorate is first charged for crushing. (Orinding operations are
performe:l with personnel at separate, barricaded locations.) Silicone

it was demonstrated in this explosion that perchlorate dust infiltrates s
scaled electric motor over a period of years, taking of tachometer readings
at oxidizer grinding equipment, ever with the hopper uncharged, may present
a pursonnel hazard,

Refercnce 12, page 54.
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20:11- (2)

Discussion following a paper given by Mr. C. James Barr, Manager, Olin
Mathieson Chemical Corporatiom, on "Detonadility of Ammonium Perchlorate
md Propagation of the Detomtitn®. MNr. Ball of Hercules Powder Company,
asked if any wark had been done on thin layers of AP as you get on &
Syntron feeder. The answer was, "No, tests were on thicker layers®.
(Tests showed that no reliance can be placed on 90° bends stopping a
detomation in conhiits carrying AP in 3" tubes 200" long; the critical
diameter is exceeded, apparently, as in 2" tubes the detonation ceased
at about 100",) Dr. Ball pointed cut in transferring AP, a thin layer,
as you would have in using a Syntron feeder, may prevent propagation,
vhereas & socrew or samsthing else would not. Far test details by Olin
hu‘“m, s08 12811 (k)o : '

Reference No. 7, page 5.

A & 2’ : ' LR RS - 5 LA G A (AR GA L DA e of®
$ It 1s claimed hordling cost and less personnel exposure can
result if pneumtic ‘conveying is utilized. Two principal precautions

are nscessary: static am? foreign material. Static accumulations on
propellant (smokeless powder) being caveyed can be dissipated by control
of the humidity. Investigations have proved that if a certain minimm
differential is min‘ained between the welocity at shich the air is moved
through the system and the velocity at which the propellant moves through
the system, the flame of any pre-ignited granules of propellant will be
"smuffed out” upon entering the system; and it is not possible to propa-
gate a cabustion throughout the system. Studies with a flame propagation
with a pneumatic conveying system revealed the ignition of a propellant
stream is not possidble with the flame fram a 2000°F oxyacetylens welding
torch when a minimm air stream velocity of 6000 f.p.m. is maintained.
Er. J. BE. Settles, Hercules Powder Company, Reference No. 7, pages 74-81.
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{HEALTY HAZARDS

§20:12 (1) Outline of the medical and safety steps to be talken in handling mterials

] used in pronellants. Toxdc properties of nitroglycerine, resinous fuel
binders, Styrane monomer, polyurethane, isocyanate, beryllium, diborane,
lithium, and aluminum.

dr. R. N. Duguid, Scientific Director, USAEHL, Army Chemical Center, Md.

; Reference No. 7, pages L6 - 53. Longhorn Safety & Security Dept. Container.

120:12 (2) Hydrogen Sulfide Evolved When Colloidizing: Thiokol, Wasatch Division,
December 1961. ‘then colloidizing LP-205 and sulfur , two men were overocome
by hydrogen sulfide gas. Heat generated during colloidization hastens the

formation of the gas.
Reference: Mcmo from Wasatch Division, 6 December 1961.

120:12 (3) Evolution of Hyirogen Sulfide Gas after co%uggs Thiokol, Huntsville
] Division. After colloidizing a mixture of 5 and sulfur, an operator
] was stirring the mixture by hand, became dizzy and fell, striking his ead

against the concrete floor.
Memorandum 24 April 1961.

et ol el LR

i 20:12 (4) Teflon: Toxic properties considered not so severe as ance thought to be.
‘ See Medical News Letter, United States Navy, Vol. 33, No. 2, page 21.
Safety File No. 1/500.

20:12 (5) Taxicity of Metal X: MNovember 1963.
3 A.E.C. Limits: Instantaneous Dose - 25 micrograms per cubic meter.
Average Intustrial Plant Dosage - 2 micrograms per cubic
meter, 8 houwrs.
Averate Out-of-Plant Dosage - .0l micrograms per cubic
meter, 8 hours.

- 19 -




00LS, SOLVENTS, DEGREASERS

.2'0:13 (1)

20813 (2)

20:13 (3)

A " " Rod: Dope house fire, é Septezber 1961.

A flash occurred when an opsratar "punched" a lump through a mild steel
grate with an aluminum tamp. Later tests proved the aluminum tamp (con-
taining 0.25% copper, 0.603 silicon, 1.00% magnesium, and 0.25% chromium)
will spark readily vhen it strikes steeal with & glancing bdlow. It is
stated the aluminum is "non-sparking”.  Recent tests indicate that prac-
tically all combinations of meta] couples can cause ignition of explosive
atmospheres by impact. Alloys are particularly prone to cause ignition.
Only pure soft aluminmm tips should be used on tumpe.

ASESB Explosive Incident Report No. 38. :

Thiokol, Huntsville Division, 20 March 1958.

z%ﬁo;gmgﬁe Yapor Degregser:
A r explos occaurred in the wvapor degreaser at the beginning of the

work shift. Approximte Cause: Auto-ignition of the sediment which was
sesttled on and around the exposed coils. Ignition tempersture was tested
on one sample and found to be .
Grease, DFG, GMF, and LP ~ 10.68K; Al. Powder - 1,.09%; Thermax - 17.35%;
Metal Silver and Unknown -~ 14.36%; Miscellaneous - 13.25%.

Vapor Degreaser Collss
A fire wvas started

Amlysis of a sample s as follows:

Thiokol, Huntsville Division, 14 January 1958.

by an operator ch

ipping the cured sediment fram the

_ coils of a degreaser distillery with a screwdriver. The major portion
of contaminunt was found to be oxidiser and aluminum.

20:13 (&)

Trichloroethylene® vepors can fam flammble mixtures with air at atmos-
pheric pressures ind at temperatures above about 86°F. This temperature
corresponds to & lower limit of flammability in air of about 12.5 volume-
percent trichloroethylene (air saturated with trichloroethylene vapors).
The higher upper limit is believed to be 90 volume-percent (at 180°0P),
Reference: Bureau of Mines Investigation Report No. 6190, "Flammability

of Trichloroethylene®.
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MIXING HAZARDS

NH

21:11 (1)

2:1 (2)

21:11 (3)

21:11 ()

21:11 (5)

r Combustible Gases/uxidiger Dust, Initiation Over Propellant

Solvent Phase Imition Test: Indian Head, Maryland.

Experiments revealed that in most instances, a vapor phase ignition over

a hybrid formulation (formula cantaining NG, AP, W6, and other ingredients)
will ignite the mix which will bum very rapidly wdth high heat relssss.
Referance No. 2.

m&m&&ﬂ%t Aerojet-Gersrel, August 1957.
Oxidizer dust shifts the ve limits of cambustible gases in the
direction of lower limits; "safe" gas mixtures in the presence of
oxidizer dust become explogive. Tests prove that: 1) an explosive
gas-oxidiszer dust mixture can be generated over propellant mixes con-
taining HTDA and AP. Analysis revealed that thess formulations mot only
evolve an apprecisble amount of ammonia, tut also smll amounts of low-
molecular-weight ketories, aldehydes, oxides, alcchols, aml traces of
hydrogen; 2) the gas dust mixture can be expicded by an elsctric spark;
and 3%0 gas-dust axplosion will propagate to the propsllant mass.
This scuence of svante, initiated by an electro-static spark, may have
boen responsible for the mixer explosion on 10 August 1957.

See 10:11 (9), Refercnce 3, pages 31 -~ 38,

Te Nevyicos and Are . A saturated acetone-ethanol
atmosphere mwﬁ 1@15- 5 M %. The addition of ammonium
perchlorate suspension caused the oxidation to be more vigorous, but no
detonation. Ignition of a doubls base propeliant mix (NC and M) by durn-
ing acetone-ethanol-ammonium perchlorate atwosphsre is difficult, btut
isition of a hybrid mix is very sasy.

Reforence No. 2.

“hon the air in the explosive gas mixture (over propcliant in a mixer)

was roplaced by nitrogen, the initial gas explosion isading to propsllant
isnition did not occur. Henoe, it appesars tt an efficient nitrogen sweep
over the propollant mix is an effective method of minimising the gas explo-
sion hazard during mixing.

Aero jot-General, Refcrence 3, page 35,

Gas-rhase-initiated explosions occurred with ANP-2622iP* propellant formu-
lated with and without alluminum. Moving pictures obtained with conven-
tiom1 amt high-speed camsras showed the sequence of events lsading to the
explosion. This sequence was: 1) a gas-oxidizer dust eplosion, 2) a fire
in the oxidizer stream, 3) ignition and explosion of the propellant. The
time interval between events and the nature of the explosion differed consi-
derably. The intervals were comparatively long with the propellants con-
taining no alumimm, and the axplosion was of low intensity. Tests rum in

Jlaboratory mixer.
Reference 3, mge 37.

#\ polyurethane binder, an amine cross-linker (

monohydroxysthyl-
trihydroxypropyl ethylenediamine, i.e., MTDA), ammonium perchlorate,
and aluminum.

-5l -
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Nji3 and Other Compustible Gases/Oxidizeér Dust, Initiation Over Propellant (Continued) 1 Ml
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21:11 (6) An oxidizer eg;:a to oarry fire.into the propellant mass is apparently 1
an essontial element in the propamtion process. (Exploding of combus-
tible gas mixtures over propellant, while mixing was in progress, did mot -
ignite the propellant; but propellant ignition invariably resulted when
both the explosive gas mixture and oxiiiser dust were present.)
Reference No. 3, p‘“ 35 amd 37.

21:11 (7) Tables show the camposition of gascs evolved from propellants duwring
mixing, their flammability limits, and the siveness of dust (oxidizer,
copper chromite, carbon bhck, alumimm, etc.) in various gas atmospheres, -
including nitrogen. i
Refercnce No. 3, pages 39 - 40. . *
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; MIXING HAZARDS (Continued)
: Contamination-~Chemical, Foreisn Objects

B M O oA, b IS A et N o o o

2:12 (1) Experimental tests were run with a one-pint mixer (Baker Perkins type),
to determine what factors are most likely to initiate mixer fires. All
tests were made with a propellant containing 855 AP and 152 binder. Metal
turnings 0.Q4L0 to 0.055 inch wide and grit 0.039-0.078 inches in diameter
were added to the mix. No fires or evidence of propellant decomposition
occwrred Awrins these tests. Thillips Petroleum Company.
Reforence No. 3, pages 77 - 78.
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Oxidizer Concentration, Settle-Qut, Voids, Wetting

21:13 (1) See 23:12 (1) for the hazard associated in a liquid-carrier solid propellant

21:13
21:13

21:13

21:13

21:13

(2)
(3)

(4)

(5)

(6)

(7)

mixing process, when ammonium perchlarate and aluminum are permitted to
settle-out.

For axidizer concentrations which change class of propellant, see 31:12.

Voids: Detamating potential of LP-33 fuel/ammonium perchlorate propzllants
vhen in a state of high porosity as during processing. Samples tested con-
taining 827 ammonium perchlorate by weight or less, showed no evidence of
even partial detonation.

Details of test method given. Huntsville, Alabama, 1955.

Reference No, 3, page 7, Container 108, Safety & Security Dept., Longhorn.

Oxidizer/l'uel Ratio, Hazard Class, Test: Detailed tests are given which

prove both cwed and uncured TRX-135 propellants, having a 2.24 to 1 volu-
metric ratio of oxidizer to fuel, only burm; and structural damage would
result only when buildings are improperly vented or wi thout reinforced
concrete wvalls. LP propellant.
Refercncec No. 4, pages 1 and 5, Cont ainer 108, S&S Department, Longhorn.

large tests with 779 oxidizer have not been canducted - 0CO. Sufficient
tests werc corducted to qualify 74% or less oxidizer as Class 2B.
Container 108, Safety and Security Department, Longhorn.

Attempts to cause transition from deflagration to detonation of 500 pounds
of uncure’ propellant (ammonium perchlorate aml LP-33 fuel, volume ratio
of less than 2.85) contained in a barrel, by initiating with squibs buried
in the mass, failed. Negative results were also obtained with 50 grams of
tetryl and a No. 8 detonator. However, when two squibs were buried at a
depth of 23 inches in a 240-pound mass of propellant, representative of
the composition during initial stages of "reverse mixing" (volume ratio
greater than 4), detonation occurred. Detonation did not oncur, however,
“hen the seuibs were buried at a depth of 22 inches.

Huntaville, Al:bema, Reference No. 3, page 8.

Soe 23:10 (1), Test by Thickol at Huntsvill- in 1957 showed that detonable
mixtures arc present in a wmixer dwring the Cirst part of "reverse" mixing.

The »rojellant tested was composed of 88% AP, 2% iron oxide, 1% magnesium
oxide, and 9. LP.
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Energetic Additives ag Lirht Metal Hydrides, Encapsulated Materiais

21:14 (1)
21:1, (2)
21:1  (3)

Encrpctic Additives in Binder/Oxidizer Systems: Reference is made to the
16th JANAF Solid Propellant Group Meeting in Dallas. Progress made by the
various companies is reviewed. Hazards associated with this type propellant
are also discussed.

Mr. Barr, Olin Mathieson Chemical Corporation.

Reference No, 7, pages 5 - 9.

The author of this paper claims that their "Fluid Ball" of cantinuous
propellant mixing has succeeded in cambining a number of rather energetic

and scnsitive materials into a castable, case~bondable propellant. Three
metering atations feed cantinuously into a small mixer the casting solution,
ammonium perchlorate, and Ball Powder/aluminum blend. One incident occurred
in this system. A shock initiated in this little mixer, very probably as a
result of an uxderfeed of the liguid metering station or an overfeed of the
perchlorate system. This resulted in an overly dry material in the mixer.

hr. Barr, Olin Kathiecson Chemical Corporation, Reference No. 7, pages 81 - 83.

The Future of Encapsulated Materials Piredicted.
Dr. H. Shuey, Rohm and Haas Company.
Reference No. 7, page 189.
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MIXING HAZARDS (Continued)

Incidents—Cuauses, Theory

21:15 (1) Mixer Explogion: Indian Head, Marylard, August 1959, Baker Perkins type mixer.

21:15

21:15

21:15

21:15

2115

(3)

(%)

(5)

(6)

Opinion of the board is that the explosion within the body of the mixer wap
initiated in the left forward gland of the mixer and was caused elther by
blade deflection, which impacted the blade shaft against the bronze insert,
(query, maybe cu-perchlorate complex) which set up a frictional environment
causing ignition, or detonation of the material within the gland area.

} aference 2.

sume incident in 21:15 (1) above. "...ammonium perchlorate, wet with acetone
in the range of 10% to 203, is most sensitive. Inasmuch as this particular
formu’ation, contalning a high percentage of this material, plus acetone,
was pesent, it is felt that it was -~he most likely source of ignition. If
toe point of initiation is as presumed, the ignition was communicated to the
rass of prooellant which cetonated due to the confinement of the closed mixer
and/or the confinement o7 the weisht of the mass itself.m

Refercnce No. 2.

Same incidert in 21:15 (1) above. Experience with mixer incidents at this
activity have indieatel Lhat an explesion will usually not result fram an
ignition (solvent or ,roncllant), if thare is not confinement of the
propellant.

"Tucking-in" of ilaminz Swface laterial: An additional hazard, common to
all tyrcs of mixers, is tiic continued movement of the blades following an
ignition of the charge. It is consider~d likely that delayed explosions
are due morc to the "tucking-in" of flaming swrface material than "burning
to detonation" und uncxplained so-called "hotspots®., This is not intended
to suggest that burning to detonation does not ocecur.

Phillips Petroleum Company, Reference No. 3, page 17.

Faulty Bearing: In one case (fire in Baker Perkins type mixer) it is
believed that the ignition may have been caused by a faulty bearing
housing, allowing one of the incorporator biades to come into comtact
with the pan walls.

Explosive {lesearch and Development Establishment, Waltham Abbey.
Reference No. 3, page 46.

An automatic system (not described in this paper) could be used to shut
down the mixer al. the first occurrence of metal-to-metal contact.
Phillips Petroleum Company, Referonce No. 3, page 84.

", ,..some other isnitions have been clearly due to 1) sudden adiabacic
compression of air above the propellant, or 2) to overheated bearings
in contact with the propellant®™. No incident described in this paper.
Reference 3, Explosive Research and Development Establishaent, Waltham
Abbey. Query: Possibility of 1) when Ko-Kneader screw moved forward
on takins up slack? See 10:11 (24).
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MIXING HAZARDS {Continuecd)

Incidents--Causcs, Theory

21:15 (7)

21:15 (2)

21:15 (9)

21:15 (10)

Me1s (11)

21:15 (C2)

Although the cause of this fire (in Baker Perkins Mixer) was specifically
determined, it is very possible that the fristion of the mixing blades on
large cuantiti~zs of ammonium dichromate ard axidizer can produce local hot
spots sufficient to decompese the ammonium dichromate and initiate the fire.
The incident just described involved propellamts consisting of 80% ammonium
nitrate, 154 copolymer (birder), 3% ammonium dichromate, plus the remaining
25 of other additives.

Gus S. Economy, Safety Engineer, Hill AFB, Utah, Directorate of Air Muni-
tions, Opglen Air Katerial Area, -encrally known as QOAMA.

Ref~rence %, pages 13 and 14. Container 108, S&S Department, Longhorn.

"One fire occurred while adding zolvent-~etted ammonium perchlorate to a
mixer. This incident was believed caused by friction of the container on
the mixer 1id, causing ignition cf the szolvent vapors, or possibly friction
of the contain:r on same spilled material on the mixer 1id".

L. ¥. Greincr, Hercules Powder Compnny.

Refcrence 6, jage 35, Comtainer 108, Safcty & Security Dept., Longhorn.

The incident (Baker rerkins typc mixer at Longhorn, TCC) may be described
as a corfined deflagration, probably initiated by a fire in the jland pro-
vidina subsurface, high pressurc ignition ¢f the propellant mass. At this
stage of mixin~, the power curve indicated consolidation of the mix, but
the volume occupied by the propellant indicates a very large percentage of
entrapped air at this stape. High pressure ignition of such a sy?tem would
furnish an cxtremely high agitation; rates of pressure rise of 10/ psi/sec
have been obtained. It is the author's opinion, not shared by some of the
aroup, itnat the mixer lid afforded extra time of confinement to the burning
process and cantributed to the disruptive effect.

Reference: Opinions of Outside Investigating Board.

Destruction of Large Refinery Unit by Gaseous Detonation: Standard 0il
Corpany, -hiting, Indiana, 27 August 1955.

Investigators reveal technique to detemine source of ignition and secquemnce
of evenits. Luder lines, Chevron Pattern Orientation and low temperature
references are described. Technicue used in this investigation has poten-
tial worth in analysis of jrojyellant explosion incidents.

Reference:  Chem, Enc. Irorress, December 1957, Vel. 53, No. 12, page 5065.

Fires resultise in delontion.. presence of interconnected poresity in a
char;e uidee confineant...what apparently happens iz that the expotent.ial
presare rice ean continwe up to pressures approachin;; detonatiorn pressure.
“hen this hee jvns, the deflagration process pgocs amoothly into detonation.
Aterratively somevhe re along the pressure rise, sheck wave candit ions can
oriminstc, This can hapuen in spite of the fact the contiainer will not
withatand rocsures anywhere ~ear those we are talking about. The process
takes place so fast that a rupinred container cannot get out of the way
and it thercfore rawins a container.

2ef o rence lo. 3, pace 66,

Sce teference 11, nooe 67,
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MIJER CRITERIA: DESIGN FINISH, ECUIPMEXT, LING, ETC. i

22:10 (1)

22:10 (2)

22:10 (3)

22:10 (&)

2:10 (5)

22:10 (6)

22:10 (7)

Recommended that manufacture of high impulse propellants be canfined to

those mixers of stainless steal construction with a finish specification 2
62 32 miere-inch or better on the interior of the bowl and on the surface :
of the blades.

August 1959, Reference 2, Container 108, Longhorn Safety & Security Dept.

Direct driving of mixers was replaced with a hydraulic, variable speed
unit or a fluid coupling to prevent high torgue application which will
cause blade defisct’on when the mixer is operated under high load ¢anditions.
Reference No. 2, Container 108, Safety & Security Dept. File, Longhorn.

Increased mixing hazard in enclosed mixing systems: "...fires resulting in
detonation...the presence of interconnected porosity in a charge under con-
finement ... what aprarently happens is that the expotential pressure rise
car. continue up to pressure spproaching detonation pressure. When this
happens, the deflagration process goes smoothly intc detonation. Alterna-
tively someshere along the pressure rise, shock wave conditions can origi-
nate. This can happen in spite of the fact the container will not withstand
pressures anywhere near those which we are talking about. The process takes
place s0 fast that a ruptured container cannot get out of the vay and &
therefore remains a container.

Reference No. 3, page 66.

[ . T I

Mixer Lids: Experience with mixer incidents at this activity have indicated
that an explosion wiil usually not result from an ignition (solvent or pro-
psliant ) if there is not confinement of the propnellant. ,
Reference No. 2, Container 108, Thiokol, Longhorn Safety & Security Dept. ;

Laboratory MHixer: A smll laboratory mixer is described. Experience in
xixing sensitive components as nitropolymer, ammonium perchlorate, anmd
coated lithium aluminum hydride, has demonstrated its safety.

Mr. L. T. Carleton, Aerojet-General Corporation, Reference No. 7, page 9.

Vertical Mixers: Make, tolerances, sizec, cleaning methods, modifications
made for safety, etc.

Reference: Solid Propellent Mixing Surve7, by the Solid Propellant Safety
Pancl of Aerospace Industries Association > America, Inc., 10 October 1963.
Published by Rocketdyne, Solid Propellant Division, McGregor, Texas.

Fuges 107 - 135.

Armed Services Explosive Safety Board, Incidiat Report No. 153.

A 2,,00-pound batch of solid propellant formmiaction was in the early stages
oi the mix cycle vhen flames were seen coming from the mixer. The burning
inside the mixer evolved sufficient gas to farce open the counterbalanced
mixer lid. The force of the deluge spiashed most of the burning propellant
out of the mixer. Cause: Propellant and axidizer residve was found in the
crevice between the metal floor plate and the mixer wall. The sealing
material had cracked, permitting contaminated solvent from the cleaning
operations to seep inside, and the metal-to-metal cantact fram the slight
vibration of the mixer ignited the residue. A wa o fo

gasket of the mixer lid. The prcssure differential caused by 5 inches of
vacuum inside the mixer permitted the propagation of the flame through the
snlit gasket into the mixer batch-.
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E‘XER CRITERIA: AUTOMATIC SHUT-OFF, SAFETY DEVICES

22:11 (1) An automitic system could be used to shut down the mixer at the first
' occurrcnce of metal-to-metal contact. (No system showvn in paper).
Reference No. 3, page 84, Paillipe Petroleum Company.

Certain tests were run with a Baker Perkins or Process Test Mixer withn
85% ammonium perchlorate, 155 binder, (150 grams total, one pint mixer
capacity), metal turnings and grit adied to the mix in order to determine
vhat factors are most likely to initiite fires in mixers. Mixang time,
processing temperature, and blade clearance were all varied for most
severe conditions. It was concluded that: a necessary set of critical
conditions involving quantity of propellant, degree of propellant circu-
lation, and freccuency of metal-to-metal rubbing must be obtained before

a fire can be initiated. It appears likely that during normal operations
of internal mixers, occasional metal-to-metal rubbing occurs under high
loadings of short duration, but conditions seldom become sufficiently
critical to initiate pronellant fires. (Comment: They varied the
clearance of the mixer blades to cause metal-to-metal rubbing.)
Reference No. 3, pages 77 - 8i.

-



MIER CRITERIA: ROTATING PARTS, BLADES, ETC.

2:53 (1)

2:13 (2)

22:13 (3)

22:13 (4)

22:13 (5)

Sigma-Blle: There are no changesin the physiml properties of a metal
{nixer bl.de) as a result of fatizue, l.e., crystallization does not
exiat . & a result of fatigue; instead, damage in the form of cracks will
begin it t\e weakest point and progress to fallure.

T&SC Kwetiny, 15 Fabrmry 1960. Safety & Security Dept. File, Longhorn.

Kixer Vndlis Inspection: Mixer paddle campcnents should be inspected for
cracka T ¢ ler discontinuities, using "ZYGLO" or penetrant dye before
installa*ix. ..nd at frequent intervals theresafter to insure that mothing
of a cdeteriori “ive nature has occurred by condition of use. Recommendation
by Superinvendct of U. S, Naval Gun Factory in regard to investigation of
mixer explostor.  See 1(::11 (1).

Refecrence Ho, 2.

Glands and glanc 3\oulders should be removed from all mixers (Baker Perkins)
used in the manuta<ture of high impulse propellants, and should be replaced
with synthetic subviances such as Teflon or other compatibls material. Use
of nylon is mot weoimmended, because of incompatibility (NG, NC, and 2-nitro-
phenylamine hybri' powiers cantaining AP and an additional stabiliszer, Mg0
and resorcinol).

Reference No. 2. See 1::14 (1), Teflon and Aluminum.

Rotating shaft and nd experiments revealed that continued exposure of
hybrid propellant (double base propellant with AP) to frictional environ-
ment will not isnite the material within the gland area. (Multi-base
propellants narmally penetrate into the gland area since the gland is
not packed, permitting the mropellant to flow through the shaft-gland
anmulus and collect in catch pans. In case of over-solvated propellant
during the solvent removal phase of the mix cycle (blow-down), the pro-
pellant becomes dry and hard, thereby disrupting flow. The propellant
in the dry state is cspecially sensitive to impact and friction.

:\u@mt 1959.

Reference Ko, 2.

Samples were taken from a bearing of a mixer (located in Bay 3) which
had been used tc mix hybrid 2055 and ras located in a bgy adjacent to
a mixer which had exploded in Bay 4. The mixer located in Bay 4, which
exploded, also had been used to mix hybrid 2056. Therefors, it was
assumed that some o the same maierial fourd in the bearings of the
mixer in Bay 3 could have been in the mixer bearings in Bay 4. The
analy=is of the sample ghowed the following:

Nitroglycerine E.1% Amponi:- perchlorate 26.0%
2-Nitrodiphenylamine 0.8 Nitrocellulose 24,0
Other plasticizers 2.1 Copper 0.01
Aluminum 36.5

Cuery: 1Isn't this bad stuff . be in a bearing?
For sensitivity, see 30:11 (6).
Refcrence No, 2, )
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22:13 (6} Thz basic desisn of~sigma blade mixers is considered to present excessive

22:13

22:13

22:13

(7)

(8)

(9)

hazards, the dunger being ths blade huos and packing glands. It was con-
cluded that the mo st hazardous zones were the packing glands and the
spaces between the blude hubs anl bowl ends. The space between the blade
hub ant bowl is s¢ amall it can neither be cleaned effectively nor inspected.
Mcre important, material which penetrates into these zanes is subject to
curing and metal bonding. These conditions may be tolerated in the first
xix, but the consequences during subsequent mixes may be serious. As a
simple solution of improving the conc.itions of existing egquipment, the
hudbzs of {he blades zre cut back to allow a felt split ring to be placed
in position and held in place with a garter apring. After each mixing
operation, the area is cleaned and the felt ring is carefully removed.
Inspcetion will show whether penetration has occurred. If not, new felts
are fitted and the mixer is ready for use. Canadian Armament Research.
leference llo. 3, pages 20 ané 21.

Hixer Blade Deformation: The results show that fires were initiated by
metal ~to-metal catact b<'wean rotating oend stationary parts within the
nixer. This condition can result irca deformation of the blades under
heavy load or from improper maintenance. These camclusions are consistent
with the findings of investigations of accidental fires and the observed
deformation of mixer blades under load. Phillips Petroleum Compeny.

See 21:15 (5) for automatic shut-off on metal-to-metal contact.

Reference No. 3, page 73.

As a reslt of a special stuly on the sensitivity of rubbsr base propellants
with 2 small mixer, it was concluded that: It is not possible to initiate
propel lant fires in a mixer by 1) intensive mixing of propellant, 2) friction
between the packing gland material and the rotar shaft, or 3) friction
between the propellant and the rotor shaft. Phillips Petroleum Company.
Refercnce No. 3, page 83.

Tcflon inserts are now used in sigma blade mixers. An explosion lad occurred
using (packless gland?) all-round clearance of 3C/1000. It is believed

some AP had worked between the shaft and the gland, and the blade flexing

the shaft impacted against the gland and caused ignition. Extress galling
avpeared on the shafts themselves, 30 we are Guite sure that the blade was
belng distorted to the degree wherc it would contact the gland.

Reference No. 6, pages 38 and 39.

Mr. Max Stuckey, Thiskol Elkton, is of the opinicn jute makes the best
packing. He stresses that the packing should be soaked in thin polymer
48 hours before use.

Reference Ne. 6, page 39,




MIXER TYPE: BAT( HIXING, FORUWARD AND REVERSE

23:10 (1) Reverse Hixing: Propellant taken from a mixer during an intermediate
stage of "reverse" mixing was used to perform a test to determine if

the propellant at this stage is detonable.

The mixture cantained

approximtely 882 perchlorate, 243 iron oxide, 1/% magnesium oxide,
and 7% LP. Four drums of the propellant were tesied by initiating
with squibs located at the bottom of the drums. The following results

were found:
Test Depth Weight
No. Propellant Propel lant
1 22" 2004
2 28" 2LOF
3 28" 24,04
L 28n 2,07

Mild pop.

Propellant tamped - High order.
Propellant loose -~ High order.
High order, second can 2" from
first can also detonmated.

Thiokol, Huntsville Division, 6 September 1957 (57-22004).
Longhorn Centainer 108, Safety and Security Department.
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MIXER TYIE:

CUNTINUOIS MIXING

23:11 (1)

23:11 (2)

23:11 (3)

23:11 (&)

23:11 (5)

23:11 (6)

LT

See 22:10 (3) for: Increascd mixing haszards in enclosed mixing systems.
Reference No. 3, page 65.

Continuous Mixing: "Fluid Ball" continuous propellant mixing process.
Refercnce No. 7, pages 81 - 83. Also see Reference No. 8, Vol. IV,
page 255, 0lin Mathieson Corparation.

Continuous Mixing: Problema encountered in contimous mixing solid
propellants. Mr. J. R. Crawtord, Thickol Chemiml Corporation, Longharn.
Reference No. 7, page 83.

Continuous Mixing: Hazard of overly dry material in the mixer. The
incident with Olin Mathieson's "Fluid Ball" continuous mixer was believed
to be due to an under-feed of the liquid metering station, or an over-feed
of the perchlorate system, which resulted in an overly dry mterial in the
mixer.

Reference No. 7, page 83.

To prevent a build-up of an overly dry (unbalanced) state in the mixer
screw, conaiderat ion should be given to a procedure whereby the system
could be purged with fuel whenever there is indication that there is
trouble in the screw, such as a build-up of perchlorate or other dry
ingredients. (Dr. Ball, Hercules Powder Caompany)

Reference No. 7, page 90.

Frogresg Report on Continuwo [*) a

General Corporation: This paper deals with the dewslopment work and
canstruction of a prodduction facility to insure that the production of
the Polaris Propulsion System W]l cambine highest quality and maximm
safety with the lowest cost of manufacture. Pilot plant studies were
made in the following areas: 1) New Propellant Formulations, 2) Rubber
Base Binder, 3) Polyurethane Binder Systez, 4) Ecuipment Evaluation,
5) Kixing Studies, 6) Metering Studies, 7) Propellant Pumping Studies,
8) Scale-Up to Production Equipment. A brief description is shomn of
their full scale production facility wdth photographs of the mixing
ecuipment.. A. S. Cohen, Y. Drdbot, et al, Process Engineering Depart-
meat, J\erojet General.

Reference No. 8, page 175, Vol. IV.

New Qmality Control Technigueg for Continuous Propellant Processing.

A successful, continuous propsllant stream analysis method, for a
1,000,000 pound per month continuous mixer is described. The instrument
measurct ammonium perchlorate content, denaity, amd viscosity by a non-
destructive mcthod. Photographs, charts, data, amd information on the
instrumentation is given. Aerojet General Corporation.

NOTE: 21:14 (7)), where it ls belicved that an explosion of a continuous
nixer wis duce tu overly dry mix, due cither to an under-feed of the

fucl or an over-feed of the ammonium pcrchlorate.

Refercnce No, 8, Vol. IV, mge Z75.




HIXER TYI'E:

LILUT) GARMIIR, "CUICKMIX" PROCESS

23:12 (1)

23:12 (2)

23:12 (3)

General. lleference: HMocketdyne, hcGregor, Texas. R-4069.

Report on Special Explosive Test — A report of results and tests on their
liquid-carrier (li-Hexane, N-Heptabne, 2-Propanol or HMDS - Hexamethyldi-
soloxane) solid propellant.continuous processing system, designated as
"Cuickmix",

Container 108, Longhorn Safety and Security Department.

Hazards - Similarity to "Soak Out" of Motors: According vo data obtained

in testing liocuid-carrier "Quickmix" process of solid propellant manufacture,
both ammonium perchlorate and mixtures of ammonium perchlorate and aluminum
powder in HMDS become more hazardous as the amount of HMDS present falls
below that required to £ill all the voids in a settled-out mixture. The
prescace of aluminum enhances the hazard considerably. Hence, it is recom~-
mended that precautions be taken to guard against the possible formation

of a system cortaining AP plus aluminum plus HMDS (hexamethyldixoloxane).

See report 23:12 (1) above.

Container 108, Longhorn Safety and Security Department.

This report describes the features of the “Quickmix" process, the chemistry
of propellants tailor~d for "Quickmix", and operation of Rocketdyne's 500
1b/hr pilot plant to manufacture a polyurethane solid propellant. Analysis
of pilot plant data is presented, the bench scale plant is described, and
reconmendations for automating the pilot plant are made.

R. D. Sheeline, et al, Rocketdyne, a Division of Narth American Aviation.
Reference No. 8, Vol. IV, page 223.
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FROPELLANTS: TRANSITION Fl1OM DEFLAGR.TION TU DETONATION

30:10 (1)

30:10 (2)
30:10 (3)

30:10 (4)

"Heasure of detonability and of the deflagration to detonation transition
in solid propellants". A detailed account is given in this paper concern-
ing the above subject. The relation of impact sensitivitv to detonation
and other phenomena are discussed, such as "critical diameter”.

Dr. A. B, Amster, Sup. Chemist, Physical Chemistry Division, Naval
Ordnance Laboratory.

Reference 6, pages 76 - 86. Thiokol Longhorn Container 108, Safety and
Security Department.

See 21:16 (2).

Difference between "detonation" and "explosion" defined. See reference
in 30:10 (1) above, page 10Q4.

A _new approach to deteminatiop of detonability of propellants and
explosives: A new cuantitative approach to establishing the detonability
of mropellants through a study of the "Deflagration to Detonation Transi-
tion (NDT)" has shown promising results. Results thus far indicate that
each explosive mterial may have a critical pressure above which the
transition from deflagration to detonation will occur. The measurement
depends on the determination of burning rate as a function of presssaure.
By comparing the buming rates obtained in a strand burner with those
obtained for large solid cylinders in & closed bomb at high pressure, a
critical pressure is found for each explosive above which the closed
bomb burning rate vs pressure curve turns sharply upward from the normal
burning rate vs pressure curve obtained with the strand burner.

S. Wachtell & C. E. McKnight, Picatinny Arsenal.

Reference No. 8, Vol. V, page 125.
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PROVELLANTS:

PHYSICAL TBUTING, STATIC ELBCTRICITY, IMPACT, ETC.

30:11 (1) A contipnyo lo

30:11 (2)

30:11 (3)

30:11 (4)

30:11  (5)

od for determining detonation velocities

in solid cast explosives. Various frrmulations are given with test results
of booster sensitivity, effect of porosity and temperature, factors causing
increased port perimeter, etc.

Reference No. 3, pages 103 - 121.

Ignition from Static Electricity: A test set-up is described to determine
the ignitability of mropellant with static discharge. Based on the results
of experiments, it is the opinion of the writer and other persons who took
part in these tests that the chance of accidental ignition from static
electricity is so remote that it is practically nonexistent.

Thiokol, Huntsville Division, kay 1957, "Investigation of Static Electricity
with Respect to Accidental Ignition of Propellant", by J. C. Godsey, W. E.
Fox, H. E. Dupree. Container 106, Longhorn Safety and Security File.

cwent of testing methods for determiring the hazard clagsification of
propellants: Various test equipment is described, namely, Talianl test,
Impact test, Hea: Cracking test, Card-Gap test, Cook-off test,and other
tests. The author concludes, "The tests which are used at NOTS for the
determination of the hazards associated with the handling and processing
of solid propellants and propellant ingredients, are primarily empirical
in nature and the interpretation of the test results in terms of practical
applications is usually difficult. Because no quantitative test exists
for the determination of the hazards, the key to safe operations appears
to be the use of good judgment by those who determine handling and proces-
sing methods. Improved testing methods, which would minimize the need
for this degree of judgment on the part of all concerned, are urgently
needed”.
Report by Mr. Dallett at the second meeting of the Operations Subcommittee
at Roanoke, Virginia, on 2 - 3 June 1959. Topic No. 13.
Container 108, Longhorn Safety and Security File,

S?tic Electricity Studies on Ether-Alcohol-Acetone: This paper covers

1) theory of static electricity, 2) equations for determining static
charge accumulated on a man's body; voltage required for minimum ignition
energies, and 3) static potential accumulated by airveying finished pro-
pcllant. Program Officer, Office of the Technical Director.

Refercnce No. 6, pages 45 - 54, Container 108, Longhorn S&S Department.

Impact Tester: "...it has been our experience that the scnsitivity as
measured by the falling ball does not agree with the sensitivity, or
sennit ivity test; that is, for naterial that you think is considered
more lnzardous, (for example, an 807 loaded axidizer material would be
conaiderced more hazardous and more sensitive than a 60% oxidizer material
of the same formulation, or the same basic degrees). However, on the
falling ball impact tester, it is eniirely possible that the 607 will
show up as rore sensitive than the 803. I, myself, don't put an awful
lot of strength in the impact sensitivity tests". Mr. Haite, Thiokol,
Humnt.sville Division.
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30:11 (5)

30:11 (6)

30:11 (7)

30:11 (&)

30:11 (9)
30:11 (10)

M T

Impact Tester: (Continued)

nI sgree with you entirely that the Bureau of Mines impact test will tell
you very little about what might happen in the way of a detonation. How~
ever, it is the general feeling throughout the industry that it does tell
you something about the sensitivity toward ignition". Dr. A. M. Ball,
Hercules Powder Company.

Reference 6, page 37.

New test method for hazard evaluation for processing cast double base
propellant: This paper, by Allegheny Ballistic Lab, presents their method
of detecting and eliminating process hazards befare an ingredient or new
process is utilized in the manufacture of double base propellants. The
purpose of this method is to be able to apply test data directly to the
process., A "Hazard Assessment Program" is outlined. A pendulum friction

machine and a sliding friction machine as used in this program are described.

The hazardous properties of ammonium perchlorate are discussed..
Mr. R. H. Richardson, Hercules Powder Company, Allegheny Ballistic Lab.
Reference No. 7yypage 18.

Gap Test for Solid Propellants: This paper cutlines some of the work done
at the Navy Ordnance Laboratory in investigating the basic aspects of the
sensitivity of high explosives and propellants. There is no single test
for sensitivity. In studying sensitivity, one must realize that the
various tests employed rarely measure any basic quantity. The laboratory
has accuaulated a great deal of data on both liquid and solid explosives,
or prorellants using two "standardized" versions of the gap test. A
detailed account of tests is given. Composites of inert binder type
(polyurethane, pclysulfide rubber, plastisol binders) and ammonium per-
chlorate propellants are quite insensitive as long as they are homogeneous.
If they have wids in them, they became highly sensitive. large scale
gap tests (19 inches in diameter and 80 inches long "Polaris Propellant")
were run by NOTS and Aerojet. No detonations were observed in 12 shots.
Dr. E. C. Nooran, NOL White Oak, Silver Springs, Maryland.

Reference No. 7, pages 101 - 115.

"Importance of Flexibility in Gap Sensitivity Test": The result of this
investigation demonstrates that, in examining the detonability of differ-
ent substances, a gap test amploying variable charge dimensions of fers
distinct advantage over a "standard" test.

Mr. ¥, "I, Brandon, Rohm & Haas Company.

Reference No, 8, Vol. V, Page 109.

Also see 10:16, "Laboratory Incidents: Sawing, Mixing, Heating"

"Static Ignition Sensitivity of Ether-Alcohol-Acetone and Propellant Dust*®,
prepared for the Explosive Safety Seminar on High-Energy Solid Propellants,
9 - 12 June 1959, Naval Propellant Plant.




PROPELLANTS: EXPLOSIVE CLASS, TEST FOR VARIOUS PROFELIANTS, MOIORS, ETC.

30:12 (1) A test mrogram was conducted at White Sands Missile Range a: the request

30:12

30:12

30:12

30:12
30:12
30:12

(2)

(3)

(%)

(5)
(6)
(7

of OCO to recommend the proper uxplosive classification of tha polyeulfide-
perchlorate sclid propellant used in the Nike Hercules and Hawk misasile
systens. This paper gives data on the test run.

Mr. Frank Schultheis, White Sand Miesile Range.

Refercnce lo. 7, pages 156 - 164.

Teat procedures were established to determins an Ordnance classification
for propellants used in the Minuteman propulsion system.. The particular
tests ars described. Test remults and precautions are summarized.

Lt. K. 0. W, Ball, Ballistic Missile Division, Dept. of the Air Force.
Reference No. 7, pages 165 - 179. ,

zard Classification o 2 Jtems e is of Test Criteria:
This paper deals with the wark and progress by the ASESB.
Mr. Herman, ASESB. '
Reference Ho. 7, pages 152 - 155,

See 30:13 (2), "Test to Determine Hazard Classification of Motors Larger
than 12" in Diameter".

Ses 30:12 (1), "Scale Testing of Motors".
PBAA/Ammonium Perchlorate: See 12:1L (4) for hazard classification.
losive Hazard Test Run on E-Series Propellant: 26 July 1961l. Thickol,

Huntsville Division, Memorandum fron F. S. Monteleone, to . F. Haite,’
Kanager, Propellant and Process Development Program.
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PRCPEJIANTS: SCALE TESTING OF MOTORS

30:13 (1)

30:3 (2)

30:13 (3)

Scale Testing of Motors: #r. R. C. Herman, ASESB, "...This problem of
hazard classification has caused considerable difficulty. The Bcerd has
attempted to develop a standard test criteria...so we came out with a
minimum zest criteria for various items. Ve put in a statement that,
until information was developed, we would have toc use full scale items
in testing these larg: motors. Everyons said they couldn't do it, it
would cost too much money. A meeting was held an the 28th of May 1959,
but we finally came to a3 agreement of using scale model items and the
criteria for this was based on what Dr. Amster gave us—this equivaient
diameter, with a length of about 3% times the dimmeter. At preseut, the
criteria calls for utilisation of full size motars wp to 17 inches.
Greater than this, you will use this scale model vhich is a grain diameter
equal to the equivalent diameter amd a length of 3% times this".
Reference &, page 100,

Problems in establishing axplosive hazard classifications of soclid pro-
pellant rocket motars larger than 17 inches in diameter, is discussed.
First, what are the minimum test criteria for determining the hasard
classificat ion of large propellant rocket motors? Second, will data
ocbtained from sub-scile motors be in order to provide valid data? The
Department of Defense publishes a bullstin which outlined the minimm
test criteria to asswre uniform &assignment of hazard classif ication to

a given item by all aguncies in each of the services. This bulletin is
a coardination publication. See Departmsnt of the Arxy Technical Bulle-~
tin 700-2, Department of the Navy NAVORD Instruction 8020.8, or the
Department of the Air Force Teciinical Order 11A-1-47. On the basis of
these congiderations, the 2705th Air-Munitions Wing at Ogden Air Material
Area has wxertaken a moject to determine the minimum test criteria for
801id propellant rocket motors larger than 17 inches in dimeter and to
determine if it will be possible to use scaled motors.

H!‘. S. L, "‘!QICh, m.

Reforence No. 7, page 7.

Using scale rocket mntor performance as a basis for the acceptance of
large Sergcant rocket motors.

Jet Propulsion laboratory, Spsrry, Utah Enginsering Laboratory.
Refercnce No. &, Vol. V, page 1&47.
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PROIELIANTS: PHYSICAL STATE, POROSITY, GRAIN SIZE

30:1 (1)

In explosive mixtures which exhibit connected porosity, the deflagration-to-
detonation mechaniem appesrs to be relatively easy to establish, so that all
fincly divided solid propsiimts tested to date exhibit DTD when ignited

under sufficient gmﬁﬁsgu&f..
" Reference No. 3, page .

30:  (2)

Introduction of even a smll amount of porosity in composite and double base
propellants increases the sensitivity markedly, in some cases rerndering the
propellant morc sensitive than tetryl.

Refercnce No. 3, page 89.
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©30:15 (1) Solid propellants and fuels were cured quickly by Gemma radiation, wdthout
heat, to open a new approach to propellant manufagture. The optimum time
of cure, corresponding to total doses of about 10°rep, were smll fractions
of the normal thermal cycle., Cure of polyurethane propellants at ambient
temperature has been unsuccessful thus far.
Aero jet-Gencral Corporat ion.
Reference No. 3, pages 137 - 200,
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SAFETY DESIGN CRITERIA: HMAWUFACTIR XL AND STORAGE BUILDINGS

40:10 (1)

40:10 (2)

*Establishment of Safety Design Criteria for High-Energy Propellant
Manufacturing and Storage Facilities", Picatinny Arsenal. Test methods
employed for determining sensitivity, impact, heat, and detonability

(test in heavy wall pipe by means of a booster, etc.) of high—energy
propellants are of value up to a point, but they do not give a complete
omntitative picture (see Picatinny Arsenal Technical Report DB-Tr: 13-58,
H. L. Partridpe, Safety Hazards of Rocket Pronellants, November 1958).

The desimer must take into consideration such factors as propellant ocutpt,
a sonsitivity to blast, and semnsitivity to framment impact. In line with
the above, Picatinny Safety Dasign Criteria Program has been divided into
three mjor phases: Phase I deals with establishment of realistic quantity-
distance relationships for prevention of sympathetic detonation; Phase II,
the effects of frasment impact in causing high order detonztion in an explo-
sive charne, and rclated safety design criteria; Phasc III relates to struc-
tural desizn criteria for barricades, substantial dividing walls, and other
protective structures.

Reference No. 6, pages 109 - 181.

"Determination of propellants and safety design criteria for manufacture
anxd storage", Picatinny Arsenal. A review of the above (40:10 - 1) is
given. Mathematical farmulas, drawings, etc., are given, as: striking
velocity of a fragment as a function of fragment mass and distance.

Mr. L. W, Scaffian, Picstinny Arseml.

Reference No. 7, pages 53 - 60. Container 108, Longhorn S&S Dept. File.
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i SAFETY DESIGN CRITERIA: PRUZELIANT EXTINGUISHING SYSTEMS

40:11 (1) A water quench system far individually loaded motors in ship magazines

40:11

40:11

40:11

4£0:11

40:1

(2)

(3)

(6)

(7)

that is automatically activated within $ to 4 second after ignition of
the wior, is discussed.

Mr. Floyd, Applied Physics Laboratory, John Hopkins University.
Reference No. 6, pages 173 - 175.

Fire detection and control for solid propellantss A single compact

unit consisting of a detector, valve, noszle, and water under pressure,
is used to detect and extinguish a motor if accidentally ignited. Appli-
cation in cut-back operstion is discussed.

Mr. C. F. Averill, Grimnell Corperat ion.

Reference No. 7, mage 95.

This paper is a review of the merits of water injection systems. Various
problems are reviewed. Experiments with differemt motor fires are given.
Water pressure, cuantity, etc., are shown.

Mr. S. H. McElroy, Navy Weapans labaratory, Dahlgren, Virginia.
Reference No. 7, page 130.

Tests of Production Terrier Booster Quench Nozzles manufactured by the
Autamtic Sprinkler Corporation. U. S. Naval Weapons laboratory, Dahlgren,
Virginia, 13 May 1960, Report 1703.

Thiokol Longhorn Container 108, Safety snd Security Departmsnt File.

Mixer Fire Detection and Extinguishing Device: A 100-gal® . water tank
located above the mixer is equinped with an infra-red cel:. This cell,
on detecting a sudden temperature rise, ignites a propellant charge which
pressurizes the water tank. Below the tank is attached & 6~inch pipe
wick projects inside the propellant. vessel. The end of the pipe is
closed with a thin aluminum disk, and as soon as the water vessel is
pressurized (above about 100 p.s.i.), this disk bursts, allowing a &-inch
jet of water to enter the mix. This automatic drencher system has proved
most effcctive in quenching simmlated fires.

Ministry of Aviation, Explosive Research and Development Establishmet,
Waltham Abbey, Essex, United Kingdom.

Reference lo. 8, Vol. V, page 54.

Mixer Fire Detection and Extingulshing Device: Rodketdyns, McGregor,
Texas. Amonium nitrate propellant fire in a 100-gallon Baker Perkins
mixer extirtuishad with only minor damage. Operation of vacuum-stat
raisei mixer 1id and propellant fire extinguished by water deluge,

22 June 1962. Tclegram, RT-1188 - Thiokol Longhorn Safety File 1/304.4.6.

Research on Chemical Extinguishment of Solid Propellant, Thiokol Chemical
Corporatio:, Elkton Division. Elkton Project lo. 7698. TCC-Longhor.
Technicl Lil:rary No. 2307. (The concept of using Freon 1301 as the
basis of 2 prom1lant extingulishing system that would operate with only
a small ucight of extinguishing agent does not look promising.)

-7 -
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SAPETY DESIGN CRITERIA: BARRICADES, PANELS, SHIELDS

40:12

- 40:12

40212

40:12

(1)

(2)

(3)

(%)

Comparative Test of Barricade Materialt Observation windows and blast
mats werc exposed to test explosions. Plexiglas wvas found supericar to
bullet-proof glass for windows. Also, covering the edges of the windows
markedly increases strength. Test results with 1 to 20 lbs. of C-4
explosive packed in steel pipe. Ability of Plexiglas, plate glass,
blast mats, stcel plate, and sandbags to withstand the explosims is
shown. Dr. Knapp, Esso Research and Engineering Company.

Reference No. 7, page 32.

A Laboratory Shield for Protection Agpinst an Explosion or Firet: The
shields are of the sliding door type and made of safety glass.

Dr. S. C. Burket, Aerojet-General Corporation.

Referencs No. 7, pag2 13.

Pressure art Blast Relief Papel Test: Test conducted by Thiokol st

Longhom. Test indicated that translucent plastic is better for re-
lieving pressurc than cement asbestos, in that it relieves at lower

mressure without fraguenting.

Safety anc Security Department File, Feb. 27-°8 am March 1-2, 1961.

Safety in Handling High-Energy Propellant Ingredients in the Laboratory:
By C. L. Knapp, Esso Research and Engineering Company. Gives new design
of ecuioment, ac compact robot manipulator, laboratory layout, etc.
Reference Bulletin of the 17th Meeting of JANAF Solid Propellant Group,
Vol. I, page 1L3. .
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SAFETY RECUIREMENTS: +OTOR TESTING, CONDITIONING

50:10

50:10

50:10

50:10

50:10

(1)

(2)

(3)

()

(5)

"Firing Test Cell Design and Ten: ture Testing.® Technique used
to safely test solid propellants in the range of B% to 50007, is
described. Safety precautions from a stamdpoint of test cell design and
handling is discussed.

Dr. Burket, Aerojet-General.

Reference No. 7, pages 126 - 129.

Description of some of the instrumentation technigues used in a gas phuse
investigation of the "deflagration-to-detonation transition” phase of
propellant combustion.

17th Meeting, JANAF Solid Propellant Static Test Panel.

"Prediction of Catastroohic Metor Explosion Conditions from Broad Spsctrum
Hechanical Prronerty Amalysis.® E. 1. du Pont De Niemours and Company.
Reference No. 8, Vol. V, page Q1.

AOKC has completed the first in a series of auto-ignition studies o the
30 motor. A motor, less pyrogen and adapter, was subjected to an
inereasing temperature environment from ambient to approximtely 325°F.
Ignition of the motor was accomplished at 325°F as indicated bty thermo-
couples manually inserted in the mopellant grain. FPuture tests will
be performed, utilizing the missile system heating blanket as a heat
source.

Reference, Weekly Mamagement Bulletin, 2 April 1962, Thiokol, Langharn.

ACHC has completed an auto-ignition test an the (30 sotar using the
tactical heatin~ blinkets. At a power setting to the blankets, a motar
case skin tumperature of 265°F was mintained for approximtely 8 days.
Follosdng this time, the power to the blarkets was incressed to the

point the motor ¢ se skin temperature increased to 31007, which correlated
to 2 mximum groin temperature reading of 233°7. The motar ignited follow-
ing 18 hwurs exposure time to this codition.

Reference, “ledkly Manazemert Bulletin, 11 June 1962, Thiokol, Longhorn.
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SAFETY REQUIREMENTS: RADIO FREQUENCY ENERGY

50:11 (1)

"Radio Frequency as Related to Accidental Ignition of Electrical Squibs
by Induced Current." This paper deals with three particular probless that
the JFL had in this area— the Sergeant Missile, the RTV vehicle, and the
on-lab R&D operat ions at the laboratory--and the approach which we took to
solve these problems. The two squibs studies are Dupont X201A and Dupont
X201E. Radio frequency energy can be supplied to a squib fram a firing
harness which acts as an antenna. The problems, incidents, and methods
to prevent accidental ignition are discussed.

I'h'c Lo Ro PiaSQCRi, JPL.

Reference No. 7, page 116.
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SAFETY RECUIREMENTS: BURNING GROUNDS, SCRAP COLLECTION, VACUUM SYSTEMS

£0:12 (1) See 11:2

50:12 (2) Discussion of scrap collection, safely shoes, vacuum collection of cutback
fires, v..ning ground pioblems.
Reference No. 6, pages 86 — G6.

50:12 (3) See 11:14 (4) - Control of atmospheric concentrations of aluminum powder
by use of a wet~type dust collector. )

50:12 (4) See 10:15 (6) - Vacuum Line Explosion.

50:12 (5) Free Flight of Casting Hose: Thiokol, Longhorn Division, 1956.
When burning scrap propellant containing a section of propellant-filled
casting hose, the hose free-flighted vertically 300 - 40O feet. Casting
hose are now bumed in a cage.




